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iPREFACS 

Organic clectxDn transfer rt-actians, the chemistry of 
radical- onion intcrmc diati^s, and the role of metal ions and 
metal cOiipl*i>ces in various organic transformations are some 
of the most viaorously pursued arras of current research 
interest. Many reactions which formally appeared to proceed 
by nucleophilic displacement or other ionic pathways have been 
conclusively proved in rc cent years to involve electron transfer 
free radical mechanisms. Reports during the last few years/ 
particularly from the laboratories of Professors J.P. Bunnett, 
£.C. Ashby, J. F. Garst, J.K. Kochi, N. Kornblum, G.A. Russell 
and G.D. Sargent have added newer dimensions to the developing 
areas of electron transfer reactions and metal catalysis in 
organic chemistry. A now mechanistic class of reactions symbo- 
lized by has i.>mcrqed. A clearer distinction between 

closely rc latcd processes such as atom transfer, electron 
transfer and oxidative addition in the reduction of organic 
halides by metallic species has begun to be made. 

This thesis, entitled, "Novel Mechanistic Pathways in 
Organic Transformations" presents novel mechanistic interpre- 
tations on the (i) reduction of benzylic halides with lithium 
aluminium hydride, (ii) reductive cyclization of Z-2-chloro- 
stilbene to phenanthrene with lithium aluminium hydride, (iii) 
isomerization of Z-stilbene to E-stilbene in the presence of 
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lithium aluminium hydride/ (iv) reduction of benzylic halides 
with sodium dithionite, (v) reduction and dimethylamination 
of benzylic halides in the presence of cobaltous chloride or 
ferrous oxalate in dimethyl formamide medium, and (vi) role of 
cobaltous and cobaltic species as catalysts in the reactions 
of Grignard reagents with alkyl and aryl halides. 

The subject matter of the thesis has been divided into 
six chapters. The first chapter deals with a general review on 
“'Electron Transfer Reactions and Radical-Anion Intermediates' 
based on the existing literature. Each of the Chapters II 
through V has been further sub — divided into sections on 
(l) Abstract, (2) Introduction, (3) Results and Discussion, 

( 4 ) Experimental, and (5) References. Introduction to each 
chapter covers a brief literature survey considered appropriate 
for the chapter. Sequential numbering of Schemes, equations, 
ta-^les, figures, structures, and ref*- rences has been repeated 
in every chapter. 

Chapter II highlights the role of lithium aluminium 
hydride as an electron donor in the reductions of 9-chloro- 
methylanthracene, benzhydryl chloride, 9-bromofluorene and 
Z-2-chlorostilbene as also in the isomerization of Z-stilbene 
to E-stilbene. 

Studies on the sodium dithionite reduction of a few 
benzylic halides described in Chapter III indicate the inter- 
vention of sulfur dioxide radical— anion as the effective 
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reducing agent which governs the formation of a variety of 
products in those reactions. 

Roles of Co (II) as an outer sphere electron donor reagent 
in the reduction of benzylic halides/ Fe(Il) in the non-radical, 
reductive dimerization of alkyl halides involving an oxidative 
addition process, and dimethyl formamide in the nucleophilic 
displacement and dimethyl amin at ion processes are discussed in 
Chapter IV. 

In Chapter V, the catalytic actions of Co(ll) and Co (III) 
in the reactions of Grignard reagents with alkyl and aryl 
halides have been examined. Possible intervention of the 
supernucleophila, Co (I) species arising from the electron 
transfer reduction of Co(ll) or Co (III) with Grignard reagents 
has boon tentatively suggested but the effectiveness of meta- 
llic cobalt favourably considered in the literature as the 
'active catalyst' in those reactions has not been ruled out. 

A summary of the main results and conclusions constitutes 
the subject matter of Chapter VI. 

A part of the work described in the thesis has been 
summarized in the undermentioned papers, some of which have 
also been discussed at national and international conferences. 

(l) E.R. Singh, Alok Nigam and J.M. Khurana, "Reduction of 

Z- 2-chlorostilbene with lithium aluminium hydride: 

Evidence for an electron transfer radical mechanism, " 

Tetrahedron Letters, 4753 (1980). 
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(2) F.R. Singh, J.M, Khar ana and Alok Nigarn 
"Novel electron transfer mechanism in lithium 
alanate reduction of benzylic halides" 

Tetrahedron Letters, 2901 (l98l) . 

(3) F.R. Singh, J.M. Khurana and Alok Nigam 
"Novel electron transfer mechanism in LiAlH^ 
reduction of benzylic halides" 

Handbook, Fifth National Symposirum on Organic 
Chemistry, Calcutta, India, March, 1981, 

Paper No. Pl8, p. 30. 

(4) P.R. Singh, J.M. Khurana and H.K. Singh 
“Radicals in the reaction of organic halides 
with Grignard reagents in the absence and 
presence of cobalt catalysts" 

Handbook, Second International Symposium 
on Organic Free Radicals, Aix-en-Provence, 

France, July, 1977, p. 149. 

It is sugncstrd that the importanc" of mechanistic 
studies on possible electron transfer reactions and metal 
catalysis in organic chemistry may be much more than pre- 
viously ever thought. 

The writing of this thesis has been an intellectually 
stimulating exercise and therefore, a labor of joy. 
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CHAPTER I 


ELECTRON TRANSFER REACTIONS 
AND RADICAL- ANION INTERMEDIATES 


I. 1 Introduction 

Processes involving transfer of an electron from one 

reactant to another, giving rise to radical- anion intermediates, 

in organic reactions have been knovn for over a century. Although 

1 

the first report on radical- anions by Berthelot in 1867 went 

unacclaimed for a long time, the observations made by Bechman 
2 

and Paul ' on the existence of these species during the reaction 

of sodium with benzophenone under nitrogen atmosphere set forth 

the development of a new field of chemistry based on radical- 

anion intermediates. The intense blue coloration in this 

reaction was attributed to the formation of the radical— anion 

of benzophenone. The free radical nature of metal-ketyls was 

established by subsequent investigations. That the ketyl 

radical is in equilibrium with the corresponding diamagnetic 

pinacolate (Eq. l) , was indicated by magnetic susceptibility 
7,8, 10 


me asur emen ts . 
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Ar 

! . 

Ar , Ar — C — O 

2 /C— 0" j . . (1) 

Ar Ar — C — 0" 

I 

Ar 

1 1 3L 

Kenner suggested in 1945 that organic reactivity should 

be recognised in terms of oxidation and reduction processes. 

1 lb 

The statement made by him that "radicals rather than ions 
are produced more frequently than is usually realized" was not 
given due attention until about fifteen years back when Professors 
G.A. Russell/ N. Kornblum and vJ.F. Bunnett provided experimental 
proofs in favor of processes involving electron transfer/ thus 
establishing the intermediacy of radical- anions in several types 
of reactions. Since then pioneering researches of Professors 
M. Sswarc/ G.D. Sargent/ J.K. Kochi, S. Bank, J.F. Garst, R.O.G. 
Norman, BhC. Ashby, A.J. Birch, H.O. House, J.A. Wolfe, J.A. 
Marshall, R.A. Rossi and several other eminent scientists have 
contributed to the development of this area of immense chemical 
interest. 

A chemical, electrolytic or photolytic single electron 
reduction of a suitable molecule may lead to the formation of a 
radical- anion (Eq. 2) ; 



The new odd electron species with an overall negative charge, 
characteristic of an anion, may unt^ergo various types of 
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reactions as outlined in Scheme I. 1: 


SCHSME I. 1 




Pi spr opor ti on ati on 


Dissociation 


> X* + Y“ 


2 - 


+ 3^ XY 


Oxida- 
tion 


XY 


Dimeri- 
s ati on 


IfO 


'i' 


Anion 

A 




XX 


Radical 
coup line 


Production of radical- anions and their reactions have been 

extensively reviewed. Recently^ and 

3 1 

CIDNP studies have gained popularity as irrportant tools for 
the investigation of radical- anions. 

A wide-variety of chemical species are known to act as 

3 Q-— 4 1 

donors in electron transfer reactions. For example, metals, 

31a 42—52 53—59 

organometallic reagents and carbanions, ' anions, 

Q ^ A 

metals in their lower oxidation states, "" Lewis bases” ” and 

57 75—73 

alkyl radicals ' are known to transfer electrons to appro- 

79 — 8 1 

priate substrates. Carbonium ions, ~ metal ions in their 

higher oxidation states, aromatic hydrocarbons, 

92-94 35,95,96 

molecules with electronegative substituents and radicals 

etc. accept electrons to produce corresponding radicals, metal 
ions in lower oxidation states, radical- anions and anions respec- 
tively, when energy requirements are satisfactorily met. 
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I. 2 Organic and Inorganic Anions as Electron Donors 

Suitable electron acceptors may oxidise anionic species 

to the corresponding radicals by electron transfer process. 

97 

Schlenk reported the formation of benzophenone ketyl arising 

from the reduction of benzophenone with triphenylmethyl carb- 

anion. This was one of the earliest examples of electron 

transfer processes. Now, anions such as tert-butoxide, 2,4,6- 

tri-tert-butylphenoxide and triphenylmethyl carbanion are known 

1 4 Si 

to transfer an electron to various substrates. * ' Aromatic 

99— 10 

nitro compounds, when treated with anions, “ are known to 

form radical- anions. 

99 10 2 

A nuiTiber of oxidising agents have been reported ' to 
react with carbanions resulting in oxidative dimerisations. For 
exanple, carbon tetrachloride brings about the oxidative dimeri- 
sation of 2-nitropropanate anion (Scheme 1.2): 


SCHEME 1.2 



CCl^* > 


•CC1„ CHCl 
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10 3 

2-Nit.ropropanate anion reacts with diaryl iodonium 

salts by initially donating one electron to the substrate giving 

cage and escape products of radical interniediates. Reactions 

involving electron transfer from thiophenoxide^®^' and 
107 

alkoxide anions have also been reported. The electron 
transfer from a donor reagent is feasible only when the substrate 

has sufficiently high electron affinity. This explains why butyl- 

108 

lithium does not add to tetraphenylethylene or 1,1/3/3-tetra- 
phenylbut-l-ene and also why the reactions of aromatic nitro 
compounds occur with great ease even with poor donors like 
alkoxides. 

Organolithium compounds are known to act as electron 

110 21 111 

donors towards aromatic hydrocarbons/ oxygen and peroxides. 
112 

van Tamelen has observed that photolysis of phenyllithium and 
i^-naphthyllithium in diethyl ether gives biphenyl and 1,1 ’-bi- 
naphthyl respectively, according to Scheme 1.3; 


SCHEME 1.3 


2 ArLi 



Li 


ArLzQ 




Ar-Ar + Li'^ 


Lithium organocuprates add to unsaturated carbonyl 

■1 O 

compounds and also react with PhNO^ or Cu(ll) salts 



having electxode potentials higher than -1.2 V, by a two step 
electron transfer process as shown in Scheme 1.4; 
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SCHEME 1.4 


0 


Nu + R-CH- 


CH-CH=(!:-R' 


0 

II 

R-CH=CH-C-R ' 


— — R-.CH=CH-.i-R * + Nu 


-e 


-e 


Coupling 

R-CH-CH=C-R ' 

1 t 

Nu 0 


and/or 


Coupling 

nI' ?"" 

R-CH=CH-C-R ' 

I 

Nu 


Addition of an ethereal solution of lithiurn tetramethyl— 
piperidine"^ (LiTMP) to a mixture of benzyllc chloride and 
1 -dimethyl allene (l) yields cycloprop an ati on products (ll) 
and (ill) , along with the alkyne (IV) . Whereas cyclop rop an ati on 
products arise from the addition of aryl carbene to allenic 
double bonds (path A, Scheme 1.5), the formation of alkyne can 
be rationalized in terms of electron transfer as illustrated in 
path B, Scheme 1.5; 


SCHEME 1.5 


Path a: 


HaC^ 


H3C- 


=:C=CH2 

I 


LiTMP, 




Ar 

III 


Path B: 


"3‘">=c=CH, 

H 3 C 

I 




H 3 C 




C = C = C 



V 


contd, 
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V + ArCH Cl > C = CH + ArCH + LiCl 

H 


H3C, 

HsC- 


:C=rCH <-> 


CH 


CH 


3\* 

^C—C^CH 


ArCH, 


H 3 C- 


CH- 

f " 

■c— c = 

I . 

CH^Ar. 


:h + 


IV 


Ar=CgH^, p-CH3CgH^-, 

p-CH_OC^H,- 
3 6 4 


H 3 C 




C=C=CH-CH2Ar 

(minor) 


By a similar electxon transfer mechanism, anionic species 

115 

(v) reacts with a ketone to form an acetylenic alcohol (Vl) 
and allenic alcohol (VIl) as shown in Eq. (3); 


H3C^ 

H 3 C 




H 


"Li 


0 

u 

+ R-C-R‘ 


V 


^'CHs 

R-C-fc-CSCK 

{ I 

HO CH 3 
VI 


^3^X 

«3^' 


VII 


'*CRR' 

Ah 

(3) 


Reactions of Grignard reagents with numerous substrates 

involve single electron transfer as the first step. Electron 

116 4 2-44,47 

transfer from Grignard reagents to oxygen, ketones, 

1 17 5 0 

diazonium salts, alkyl halides^ and non— benzenoid aromatic 
47 

compounds have been reported. 

118 

Azcbenzene and benzophenone are reduced by Grignard 
reagents via single electron transfer as illustrated in Eqs. (4) 
and (5) s 
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\ 

V C 

11 + 1 


/ 


N 




MgX 


SET 




\ 


N- 


\ 


/N 


'S 


MgX 


.. (4) 


\/ \/ 

C C— R 

+ f 

MgX 


SET. 


\ / 

C* \ / 

I + C— R 

0-MgX 


.. (5) 


50 

Singh et al. have proposed electron transfer as the 
first step in the reaction of Grignard reagent with alkyl halides 
as shown in Scheme 1.6: 


SCHEME 1.6 


\ 

— ^C~X + RMgX 


fast 

step 



— X. 




— 'X- - Mg 



slow 


step 




/ 


C- + X-Mg-Y + R- 
solvent cage 


\ 

C. 4- 'R 

/ 

\ / 

— c* + -c 

/ \ 


> 


\ 

c— R 

/ 

\ / 
-C-C^ 


R- + R. ^ R— R 


Electron transfer involving lithium aluminium hydride 


119 


(LAH) has also been reported. o-Bromophenyl allyl ether 



9 


produces phenyl allyl ether and 3-methyl-2/ 3-dihydrobenzofuran 
in which LAH acts not only as a source of electrons but also 
hydrogen atoms as illustrated in Scheme 1.7: 

SCHEME 1.7 


> 





1.3 Generation of Radical- anions Using Metals as Donors 

Solutions of alkali metals ai> well as calcium, magnesium, 

120 121 

zinc and iron in liq. ammonia, ' low molecular weight 
amines^^^"’^^'^ or ethers like DME, etc, are known to 

reduce a wide variety of organic substrates. ~ The hypo- 

1 20 cl 

thesis'^ that dissolving alkali metal reductions are brought 

about by nascent hydrogen liberated during the reaction of alkali 

metal and hydroxylic solvent holds no longer. Such reductions 

133 

are now better understood as internal electrolytic reductions 
in which an electron is transferred from the metal surface or 
the metal in solution to the organic molecule under considera- 
tion. The reduction of acetophenone (VIIl) with lithium and 
liq. ammonia gives 2, 3-diphenylbutane-2, 3— diol (IX) , l-(cyclo- 
hexa-2, 5-dienylidene) enolate (X) and 1-phenethyl alcohol (Xl) 
as shown in Schone 1.8. 
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Redaction of -C=N- bond by dlkali metals in protic solvents 

135 12 

can produce radical- anions/ monomeric and dimeric di anions. ^ 

135 a 

The monomeric di anions act as nucleophilic reagents ' and also 

1 3 51d 

participate in electron transfer processes. This is illus- 

trated, by the reaction of benzophenone anil and alkyl halide with 
Na/THP by a mechanism outlined in Scheme 1.9; 


SCHEME 1.9 


Ph2C=N-Ph 


2 Na 
THE 


I Ph2C=NPT: 


2 Na^ 


jph2C=NP^ -Hlx — 
|Ph 2 C=NPT:^* + R* — > (complex) 


[ph2C=NP^ ’ + R* + X” 

R 

>> Ph2C-NHPh + R-^^- 


Ph 

i=NPh 
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Reaction of Benzyl magnesium chloride with bromobenzene in 

j j '' 

the presence of Co Cl^ 

To a solution of bromobenzene (3.57 g, 0.01 mol) and 
Co^^Cl 2 (0.130 g, 0,001 mol) in 50 ml of dry THP was added 
Grignard reagent prepared from benzyl chloride (1.58 g, 

0.0125 mol) in dry THF (50 ml) under atniosphere. The 
reaction mixture was refluxed for a period of 3 hr after which 
It was cooled to room temperature and worked up after addition 
to acidified water. The products were extracted with solvent 
ether^ the ethereal extract washed with water and dried over 
MgSO^ (anhyd.). The product mixture after concentration at 
about 40® was subjected to GLC analysis using a 10% SE-30 on 
Crom-P (85-100 M) column of 2 m lengths The relative ratios 
of products in the mixture was found to be diphenylmethane ,~^3% 
(0.050 g) . bromobenzene r^50% (0.785 g) , biphenyl, 2 4% (Od.85 g) 
and bibenzyl 0.620g,by calibration method. GLC analysis at 
lower temperature also indicated the presence of benzene in 
small amounts. Correcting the yield of bibenzyl for its forma- 
tion during the Grignard reagent preparation, i.e, 0.620-0.227 = 

0 393 g or ^-^43% of bibenzyl was formed during the reaction. 

Reaction of Benzyl magnesium chloride with bromobenzene in 
the presence of (co^^^en 2 Cl 2 )Cl 

The above reaction was repeated in the same manner except 

TTT 

than (Co en 2 Cl 2 )Cl (0. 286 g, 0.001 mol) was used as catalyst 
in place of Co^^Cl^. Product analyses in rhe same way showed 
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If RX = 1, 3-dihalo- 3-methylbutane, then the complex anion 
(XII) may partly xandergo intramolecular rearrangement giving 
(XIIl) as additional product; 



(XII) 

137 

Similar reactions with di anions of thiocarbonyl compounds 
1 1 39 

and olefins ' are also Icnown to occur. 

Reductive cleavage of compounds of the type— C — X , where 
X may be OH, ONO^, CR^ or a halogen, is one of the inportant 
reactions of dissolving alkali metal reductions. Mechanistic 
sequence for such reductions is outlined in Scheme 1. 10: 


SCHEME 1,10 



/ / 
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Studies on the role of cobalt catalysts in tne reactions 
of Grignard reagents with organic halides have been carried out 
by comparison with the corresponding uncatalyzed reactions. In 
the reactions of two Grignard reagents (RMgX) , namely benzyl- 
magnesium chloride and phenyl magnesium bromide with several 
organic halides (R'Y), viz. benzyl chloride, trityl chloride, 
9-bromofluorene and bromobenzene catalyzed by Co(ll) or Co (ill) 
species, the yields of homo-coupling products R-R and R'-R' are 
found to be enhanced at the e 5 <pense of the cross- coupling 
products R-R' , Based on the observations on a large number of 
reactions, it is concluded that radicals R« and R'. are formed 
in both the uncatalyzed and catalyzed reactions. In the uncata- 
lyzed reactions, these radicals are produced simultaneously 
permitting both the cross-coupling and homo- coupling reactions 
to occur side by side. In the cobalt catalyzed reactions, 
however, radicals R* are produced (by the Co^^ or Co^^^ oxida- 
tion of the Grignard reagents) first which undergo coupling to 
give R-R and the radicals r'* (from the organic halide) are 
formed in a subsequent step giving ultimately, R'-R‘. Possible 

T 

intervention of Co species produced initially by the electron 
transfer from the carbon-magnesium bond of the Grignard reagent 
to Co or Co , as the active catalyst has been suggested and 
the role of Co^ as a supernucleophile highlighted. A clear 
distinction between Co^ species first suggested in this thesis 
and metallic cobalt (suggested in the literature earlier) with 
regard to the actual active catalyst in these reactions has 
not been possible. 
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140 

Recent reports on the reductive cleavage of C-0, 

140- 142 

C-C and C-Cl bonds are in conforrnity with the above 

142 

mechanism. Schanne has reported the cleavage of benzylic 
C-C bonds in diarylme thanes and di aryl ethanes by potassium metal 
The reaction path is illustrated by means of Eqs. (6) and (7) : 


Ar-CH^-R 


DME 




-> ArCH~ 4- R 


( 6 ) 




jlr-CHj-R 


2 - 


ArCH^" t 


R 


. (7) 


^ 2 9 St 

On treatment with sodium, 2, 4, 4-trimethyl-2-nitro- 

pentane gives a mixture of hydrocarbons as shown in Eqs. (8) 
and (9) : 


CH- CH_ 

H„C-C-CH„-C-N0_ - > 

i j 2 j 2 

CH3 CH3 


CH- Crf_ 

^3 I 3 _ 

H_C-C-CH--C-N0 * 

3 I 2 I 2 

CH3 CH3 


CH_ CH„ 

I I 

H_C-C-CH_-C- + NO^ 

3 I 2 I 2 

CH3 CH3 

. . ( 8 ) 


CH. 


H3C 


-i 


CH. 


CH, 

^ I ' 

CH.-C* 

^ I 

CH, 


> 




CH_ CH., CH_ CH_ 

I 3 2 {3 3 

H_C-C-CH.,-CH.,-C^ + H,,C-C-CH,,-CH 

3 I 2 2 3 I 3 \ 

CH3 CH3 CH3 CH3 

.. (9) 

CH- H-C CH- CH- 

, 3 3, 1 3 4 3 

H-C-C~CH--C — C-CH.,-C-CH, 

3 , 2 < I 2 ( 3 

CH3 H C CH3 CH3 


Esters are also known to undergo cleavage via electron 

100,141a 

transfer. Thus Li/liq. NH3 affects the cleavage of esters 
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by one of the two pathways outlined in Scheme I. 11: 


SCHEME I. 11 


1st Pathway: 



2nd Pathway : 


0 

It 

PhCH -0-C-R 


Li/liq. NH^ 


0 


> PhCH^-O-C-R 


PhCH^ 


PhCH20H 4 


t-BuOH 




PhCH^O + R-C=0 


I . 4 Reactions of Radical-anions of Aromatic Hydrocarbons 

Radical- anions of aromatic hydrocarbons act as potential 
sources of electrons in numerous electron transfer reactions. 
These radical- anions can either act as powerful bases and 
abstract protons from weakly acidic substrates or transfer 
electron to the appropriate substrate. Sodium naphthalene 
reacts with water as shown in Scheme 1.12: 
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SCHEME 1.12 



H H 


Reactions of alkyl halides with aromatic radical- anions 

143-145 

have been thoroughly investigated and reviewed. The 

general mechanism of these reactions is outlined in Scheme 1.13; 


SCHEME 1.13 



Alkylation of aromatic nucleus proceeds by coupling of 
alkyl radical with radical- anion giving anion (XIV) which, by 



subsequent S^2 displacement on the alhyl halide, yields 
di alkyl ate (XV) : 



Both, radicals and anions are proposed as intermediates' 
144 

in these reactions. Formation of cyclised product in the 

reactions of 5-hexenyl . halides supports the existence of radical 

intermediates. But since cyclisation of 5— hexenyl radical is 

a much faster reaction than hydrogen atom abstraction from 

148 

solvents like DME or toluene, the formation of more of 

hexene- 1 in this reaction indicates the intermediacy of carb- 
anions also (Scheme 1.14): 



CH^X 


SCHEME I . 14 
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The formation of carbanion intermediates in the reaction 

147 

of 1, 4-diiodobutane and alkyl halides and tetrahydrofurfur^? 
22 

halides with the radical- anions of aromatic hydrocarbons hav 
also been reported. 

Reductive dimerisation of alkyl halides probably involve 

147 

the coupling of geminate radical pairs as shown in Eq, (10) 


R: Na + R-X 




R', R*, Max 




R-R 


(K 


In tnis respect, the above reaction is parallel to that of alk] 
lithiums v/ith alkyl halides, Eq. (ll) ; 


(R:“ Li"^) + R'-X 

n 


^ ' R*, R 

L 


Ll'*' X“ 


(R" Li"*") 


1 




R-R' 


(11 


The radical pair generat*=‘d by electron donation from alkyl- 
lithium in solvent cage may then dimerise, disproportionate or 
diffuse apart. The intermediate radicals formed in this reac- 
tion have been trapped^*^^ and detected by ESR spectroscopy^^^ ^ 
Dimerisation of alkyl halides have also been observed with meta 

ions and metal complexes. Cyclopropyl halides are also 

153 

reduced by alkali metal naphthalenes. 


Cleavage of the ether linkage with radical-anions of 
aromatic-hydrocarbons^^^' has also been achieved. The 
general sequence of steps is believed to be that outlined in 
Eqs. (12) and (13) I 
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Ph-O-R + ArH* 



AtH + Jrh-0-^ ‘ 


PhO" + R* PhO" + R' 


ArH* 


. . ( 12 ) 


.. (13) 


158 159 

The 0-S bond scission in toluene sulfonates ‘ and N-S bond 
scission in N-substituted sulfonamides'*’ also follow a sequence 
of steps similar to that shown by Eqs. (12) and (13). 

Sodium naphthalene cleaves off a benzylic group from 

, .jfel , . 

quaternary ammonium salts (XVI) to give tertiary amines (XVII) 

and benzylic dimers (XVIIl) as shown in Scheme 1.15: 


SCHEME 1.15 


Ph2CHN'^ (CH^) 
(XVT) 


Naph 


Ph^CH + (CH^) jN 
(XVII) 


NaPh 


Ph2CH 


■> Ph^CH 

^+(XVI) 


Coupling^ Ph 2 CHCHPh 2 
(XVIII) 


*1 6 "P 

Singh and coworker s"^ have demonstrated that the reactions 
between sodium naphthalene and arenediazonium salts occur by 
initial transfer of an electron to the diazonium salt. The 
steps are outlined in Scheme 1.16: 
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SCHEME I. 16 



163 164 

SodiiHn naphthalene reacts with phenyl acetonitrile ' to 
give a mixture of products. 

Isomerisation of Z-stilbene to E— stilbene with sodium 
naphthalene^^^ has been postulated to proceed through stilbene 
dianion (Scheme 1.17): 


SCHEME I. 17 
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166-167 

Peductive cleavage of esters has been reported recently. 
Substituted benzhydryl benzoates are cleaved by sodium naphtha- 
lene as shown in Scheme I. 18; 


SCHEME 1.18 



Naph 


R -C-O—R. 
1 • 2 


Dimeri- 
s at ion 


0 

H - 

R -c-o + R 


R,COOH 

1 


Naph 



R,-CH-CR, 2R^0H 

1 I H 1 2 

OH 0 



R^ = H, OMe; R^ = H, OMe, Th, CN; 

R^ = H, Me, Ph; Rg = H, Me, Ph 

1 68 

Holy and coworkers'" have reported the reactions of 
aliphatic and aromatic aldehydes and ketones with sodium 
naphthalene. Two alternative mechanisms, one involving di anion 
intermediates and the other free radicals, have been proposed 
(Scheme I. 19) ; 
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SCHEME 1.19 

(a) Di anion Mechanism 


(l) 

Aliphatic carponyl 

compounds: 


R^CsO + Naph 

^ 

R 2 C-O” + Naph 


P^C-O' + Naph* 

— > 

“Naph C(R2)0" 


“Naph C (^ 2 ^'^" 

2C=0 ■— > “0(R2)C NaphC(R2)0“ 

(ix) 

Aromatic carbonyl 

compounds: 


Ar^C^O + Naph 

— > 

Ar2C-0" + Naph 


Ar-C-0~ + Naph 
z 


Ar2C-0 + Naph 


Ar^C-0 + Ar2C=0 

— > 

Ar„C— C-Ar„ 

(b) Radical Mechanism 



(i) 

Aliphatic carbonyl 

compounds : 


R2C=0 + Naph 

> *Naph C(R2)0 


*Naph C(R2)0“ + 

• 

Naph 

^ “Naph C + Naph 


“Naph C (^ 2 ^°” 

R^C^O 

—> “0(R2)C Naph C (^ 2 ^'^" 

(ii) 

Aromatic carbonyl 

compounds ; 


Ar2C=0 + Naph 

> 

Ar2C-0 + Naph 




“0 0“ 


2 Ar2C-0" 

> 

1 1 

Ar2-C-C-Ar2 
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Though both these mechanisms account for all the products formed./ 
the actual mechanism of the reactions under study is yet to be 
established. 

169 

Sodium naphthalene reacts with molecular hydrogen to 

produce sodium hydride in good yield. Naphthalene radical- 

anions have been successfully used to initiate polymerisation 
170 17 1 

reactions. ' These are also known to react with sulfur 

. 172 173 174 

dioxide, carbon dioxide, alkyl halosilanes and aryl- 

175 

phosphates. One of the potential uses of sodium naphthalene 

176 

IS in the fixation of molecular nitrogen. 


1.5 Aromatic Substitution by Sj^j^l Mechanisms 

An elegant electron transfer mechanism in 'aromatic 

nucleophilic substitution' reactions ha.° been demonstrated by 

177 

Kim and Bunnett. These workers observed that ratio of the 

two products (XXIIl) : (XXII) was 0,63 when 5-iodopseudocumene (XIX) 
was treated with KNH^ in liq, NH^, but the ratio was 5.83 when 




22 


6-iodopseudocumene (XX) w\s used xn place of (XIX). These results 

do hot support the intermediacy of ar;ime (XXI) , which should be 

expected to yield two products in the same ratio irrespective 

of the position of iodine. Also, catalysis by light and a marked 

decrease in the amount of the direct substitution product in the 

presence of tetraphenylhydrazine - a known radical scavenger - 

were observed. These facts suggest that a significant fraction 

of the non-rearranging substitution was occurring via a radical 

177 

chain mechanism, which Kim and Bunnett designated as 
(substitution, radical-nucleophilic, unimolecular) , 

The generalised version of the mechanism is outlined in 
Scheme I, 20, The separate components of this radical- chain 
sequence have ample precedents and the overall reaction scheme 


SCHEME I. 20 


Initiation : 

Ar-X + electron donor 


[Ar-x]^ 

+ donor 

Propagation: 



Ar* + 

x” 


Ar' + y“ 

-> 




[^y| * + ArX 


ArY + 


Termin ation : 

Ar* 


Ar-H 



2 Ar* 

— > 

Ar-Ar 



178 

IS analogous to that proposed earlier by Komblum and 
179 

Russell for reactions of nucleophiles with certain 
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p-nitrobenzyl halxdes and 2-halo- 2-nitropropanes. 

Most aromatic reactions require catalysis by an 

17V 180 

alkali metal or near-ultraviolet light. Whereas metal 

initiates the chain by providing solvated electrons, the exact 

catalytic function of pyrex glass— filtered light is not known 

with certainty. However, evidence has been presented to support _ 

the theory that electron transfer occurs through an intermediate 

181 

charge- transfer complex- These reactions are known as 'photo- 

stimulated aromatic reactions'. An example of such reaction 

JKiM 

is shown in Eq. (l4) ; 


Phi + (EtO) ^PO' 


Phi (EtO) ^PO' — > 

Charge transfer 
corrplex 



+ (Et0)2p0 


(14) 


For reactions of amide ion with 5- or 6-iodopseudo- 

177 

cumene (Scheme 1.20) or of pinacolone enolate anion with 

IS 2 

lodobenzene in DMSO which occur spontaneously in the dark, 
the mechanism of initiation is not clear. A reasonable possi- 
bility is a thermally activated electron transfer from nucleo- 
phile to the substrate. Such reactions are known as autoinitiated 
aromatic reactions. 

183 4,183 183-185 

The tendency of the groups SPh, NMe^ and OPO (OEt) ^ 

to undergo facile displacement by some other groups via 

mechanism has great synthetic importance. For exartple, Ar-OH 

184 

can be converted into Ar-NH^ in very good yields under mild 
conditions (Eq. 15) : 
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ArOH 


NaOH ^ 
(EtO) ^POCl-^ 


ArOPO(OEt)2 ArNH^ 


(15) 


Nucleophiles such as carbanions derived from simple 

ketones, ^83, 136-191 stales, 1®=' I®®' 3 . 3^3 

193 187 

lines and conjugated hydrocarbons have received much 

attention with reference to aromatic Sp,jjl reactions. Phosph- 

anions viz. Ph^P"^^"^, (EtO) „P0“, Ph (BuO) P0“/ 

- 197 _x97 ^197 

Ph„PO , (EtO) ,,PJ .md (Me-N) -Pu have also been used as 

-6 z z z 

\9i 

electron donors. Recently, electron transfer from phenyl selenide, 

198 199 

phenyl telluride and N,N-disxibstituted amide onolate anions 


h-s also been reported. 


Reactions of arenediazonium salts with different nucleo- 

1 n 90 

philes have been studied in our laboratory. ' The mechanism 

of the propagation cycle in these reactions is same as that 
applicable to reactions (Scheme I, cl) : 


SCHEME 1.21 


Initiation: 



+ a” 


> 



+ A* 


Prop ag ation : 
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Termination: 



Substituents (other than the nucleofubi'^ group) which 
appear to interfere with aromatic process are nitro and 

1 Q O 1 Q O 

hydroxyl groups. ' Steric hindrance has no noticeable 

effect on aromatic reactions. For exairple/ mesityl bromide 

. 193 

affords high yield of substitution product in the reaction 

outlined in Eq. (16) : 






- h . y ^ 

CH2 liq.NH^-^ 


(16) 


201-20 3 

Among sulfanions^ arenethiolates "■ and alkane- 

189 204 

thiol ates ' have been found to be effective nucleophiles 

in reactions. 



A number of halogenated heterocyclic compoxnds including 

186 192 205 

2-, 3- and 4-halopyridines/ ' 2-halopyriini dines, 

2-chloropyrazine, 2-chloroquinoline, 206, 207 i^^q_ 

20 o 208 209 

isoquinolines " and halogen derivatives of thiophene 

are known to undergo Sj,j^l reaction in the presence of suitable 

electron donors. Certain vinylic halides also undergo substi- 

210 

tution via the pathway. 


That the hetero aromatic halides 
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are more reactive than the aromatic halides in S_„l reaction 

KiM 

IS seen from the following reactivity sequence determined by 
using potassium acetonate as the nucleophile: 

2-chloroquinoline^ 2-bromopyridine^ bromobenzene 


Substrates with appropriate structural features may undergo 
intramolecular reaction. Thus/ the reaction cited in Eq. (17) 

yields the product (./CXIV) in 99% yield. 



. - (17) 


The reactions outlined in Eq. (18) present a very interest- 
203 212-214 

ing situation. ' Irradiation of m-bromoiodobenzene 

(XXV-C) together with diethylphosphite ion in liq. NH^/ for 
example, gave mostly disubstituted prod”ct (XKVI) and a small 
amount of monosubstituted product (XXVII-C) along with unreacted 
starting material. 



+ (EtO) 


hi> 


liq.NH 





PO(OEt) 2 
(XXVI) 



PO (OEt) 2 


+ (XXV) 
. (18) 


where a, X =F; b, X :=Cl; 

G, X =Br; d, X =1. 


Such a condition might arise if substitution were stepwise 
and the conversion of (XXVil-C) to (XXVI) were much faster than 
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that of (XXV-C) to (XXVII-C) . However, the transformation of 
(XXVII-C) to (XXVI) was found to be slower than that of (XXV-C) 
to (XXVII-C) . It IS, therefore, clear that (XXVII-C) can not 
be an intejrmediate xn the conversion of (XXV-C) to (XXVI) . 

The mechanism, presented in Scheme 1.22, provides a 

straightforward interpretation of these results: 

SCHEME 1.22 

[^'=6»45 ■ 

[xCgH^g • + 

•CgH^Y + Y"" 

The above reaction scheme explains formation of the 
disubstituted product, CgH^Y^, in preference over the mono- 
substituted product XCgH^Y. 

The photostimulated reaction of bromobenzene with cyano- 

methyl anion is sluggish and yields mainly 1, 2-diphenylethane 

185 

along wirh a small amount of phenylacetonitrile. The mecha- 

nism suggested for this reaction is outlined in Scheme 1.23s 
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SCHEME 1.23 


PhBr + electron source ^ 

j^PhB^ * 

Ph* + “CH^CN ^ 

O'hCH^C^ * + PhBr > 

JPhCH^C^ * ^ 

2 PhCH* > 


[phB0 * 

Ph* + Br“ 

jphB0 * + PhCH^CN 
PhCH^ + CN“ 
PhCH^CH^Ph 


PhCH 


189 192 

Rossx and coworkers * have suggested that the inter- 
mediate radical-anion formed during the photostimulated reaction 
of 1-chloronaphthalene with cyanomethyl anion exists as a pair 
of isomers in equiilibrium (Eq, 19) ; 


ArCH^ ICNJ 






~ — I T 

Ar 
_ _ 


CH^CN 


.. (19) 


The symbolism of Eq. (l9) is meant to indicate that extra- 
electron resides either in an antibonding (Tf*) MO of the cyano 
group or in the (it*) MO of the aryl group, MO calculations 
indicate that the structure ArCH^j^CI^ is more favorable when 


Ar is phenyl group, but the structure CNCH^ jAj0 is preferred 

/ 215 ” 

when Ar is <?^-naphthyl group. These authors have proposed 

that out of the two isomers, only ^rCH^ CI^ undergoes fragmen- 


tation according to Eq, (20): 
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ArCH2!ci^’ ^ ArCH^ •- CN" .. (20) 

If radical anion CNCH^ is the actual intermediate/ then it 

will be more stable with reference to fragmentation. That is 
why the reaction of 1-chloronaphthalene with cyanomethyl anion 
yielded o(^-naphthyl acetonitrile. Other ArX compounds^^^ in 
which the lowest unoccupied molecular orbitals of the aryl 
moieties are at relatively lower energy levels also undergo 
photo stimulated reaction giving substitution product. 

Recently/ aromatic reactions have been used to synthe- 

21 

size carbocyclic and heterocyclic ring systems. Bard and Bunnett 
have/ for example, reported the synthesis of indoles from o-halo- 
anilines and acetone enolate anion (Eq, 21) : 



In the same paper/ these authors have given experimental proof 
towards correcting an earlier impression that a di alkyl amino- 
substituent interferes in the aromatic reactions. Following 

this observation, reports on the synthesis of 2- substituted 
benzo-|bJ-*furanes and 2-azoindoles via the S^l process 
have appeared. 

1.6 Aliphatic Substitution by Sp^j^l Mechanism 

219 

Bender and Hass observed that while benzylic halides 
substituted at para-position by groups like CN, NMe^/ 
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COCH 3 / Br or CH 3 , on treatment with 2-nitropropanate anion<. 
give 0- alkylation products (XXVIII) and no C- alkylation products/ 
the trend is reversed in the case of para-nitro substituent when 
C- alkylation product (XKIX) is preferentially formed. 




CH. 

t ' 

-C-NOo 

CH 3 



CH 3 

(XXVIII) 

(XXIX) 



The 0- alkylation can be e 3 <plained on the basis of Sj ^2 

displacement but the C-alkylation products from ortho- and para- 

nitrobensyl chlorides are believed to be derived by a chain 

178 179 

process involving radical— anion intermediates. ‘ 

The generalised version of the mechanism for C-alkylation 
is outlined in Scheme 1,24; 
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For the corresponding iodides and bromides/ the competing 

178t3 

process leading to 0~ alkylation predominates. The radical 
chain nature of the above mechanism is established on the basis 

of the observations that these reactions are inhibited by 

220 221 220/ 222 
oxygen and p-dini trobenzene; and accelerated by light. 

The similarity between the mechanisms of Scheme 1.24 and 1.20 

(aromatic mechanism) is noteworthy. 


The aliphatic substitution also takes place at 

223 

tertiary carbon atoms of p-nitrocumyl chloride, ^,p-dinitro- 

9p4*«227 228 228 

cumene, “ ”” m-nitrocumyl chloride and ,m- dim tro cumene 

with numerous nucleophiles. In addition to the p-nitrocumyl 

system, compounds (XXX) to (XXXIV) have also been reported by 

O 0 O OQ 0 

Kornblum and coworkers ‘ ' to react with 2-nitropanate 

anion. 


CH, 


I 



CH„ 

1 ^ 



CN 


(XXXI) 



S02Ph 


(XXXEI) 


CH, 


H^C-C-X 



CH- 

I 



X=halogen, NO 2 
(XXXIV) 


Nucleophilic substitution with 2-nitropropanate anion on 

purely aliphatic compounds (XXXV) as shown in Eq, (22) has been 

227, 230/235 

reported to follow a similar mechanism. 


CH, 

H,C-C-;^ + Me-CNO- — > 
3 j 2-* * 2 

/ % N0_ 

(XXXV) 2 

A = COOEt/ COPh, CN, NO 2 


CH 

I ^ 

H-C-C-A 

^ I 


CMe^NO, 



. . ( 22 ) 
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-Halonitro compounds (XXXVI - XXXVIII ) , on treatment with 
nucleophiles, undergo substitution in which the halogen rather 
than the nitro group is displaced. 



(XXXVI) (XXXVII) (XXXVIII) 


X = Cl, Br, I. 


Nucleophiles: Me2CN02, EtC(COOEt) 2 / Me (CN) pJCOOEt) , 


PhSO^ , 



alXyl lithiums 


Displacement of a sulfone group from<5<^ -nitrosul tones 

237 

has also been reported. It has been found that a cyano 

2 38 

group facilitates the electron transfer chain process. 

^ -Nitrosul tides also undergo reaction by nitron ate, 

235 a 

malonate and sulfinate anions. Intramolecular cyclisation 

239 

using appropriately substituted p-nitrobenzyl chloride has 
been acnieved. All these reactions show the characteristic of 
a chain process involving radical- anion intermediates. 

583 . 

Singh et al. have studied the reactions of 9-bromo-9- 
phenylfluorene with certain nucleophiles and provided evidences 
in favor of electron transfer radical- anion mechanism outlined 


in Scheme 1.25: 



SCHEME I. 25 






Ph Br 


Ph A 



Ph Br 



Ph-^^A 



/ 




Homoly-V 
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Recently Russell et al. have reported that organ omer curie 

halides react with 2-nitropropanate anion, dialkylphosphite 

. 240 b 241 

anions, and sulfinate anions by pathway. Reaction 

r\ 

of N- (p-nitrobenzyl)pyridihium cation with 2-nitropanate anion'^' 
has also been reported. 


1.7 Elimination Reactions via Electron Transfer 

Certain elimination reactions of geminally and vicinally 

substituted leaving groups are known to occur by electron transf 

mechanism. The reaction of p-nitrobenzylidene c3ichloride with 

243-245 

2-nitropropanate anion is postulated to be taking place 

in two steps as shown in Eqs. (23) and (24). 


O^N-^^-CHCl^ + Me^CNO^ O^N. 



i-CHCMe„NO- + Cl" 

I 2 2 

Cl 


02N-^jVcHCMe2N02 + 2 Me2CN02 —> O^N-, 

\ — f 1^2. 



GH=CMe2 + 


Me^C— CMe^ + NO “ + Cl' 
^ z z 

O^N NO2 


.. (23) 


(24) 


22 

The first process is, undoubtedly, an reaction. 

The second process has also been shown to be inhibited by 

243 

p-dinitrobenzene and accelerated by light. Freeman and Norris 
have proposed the mechanism outlined in Scheme 1,26 for the 
second process postulated in Eq. (24): 
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SCHEME !.?■<=; 


ArCH(Cl)CMe„NO^ + Me„CNO. - 


0 


ArCH(Cl)CMe2N0^ * 




ArCHCMe^NO^ + Me^CNO^ 


Me2CN02 + Me^CNO^ 


[atCH (C3)CMe2N02j * + Me2CN( 


ArCHCMe2N02 + Cl" 


ArCH=CMe2 + Me2CW02 + NO 2 " 


[“ 


-> |Me2C(N02)C(N02)Me2 


Me 2 C (NO 2 ) C (NO^) Me^ * + ArCH (Cl) CMe2N0, 




where Ar =0^^ 


'Q)' 


Me,C(N0 ) c (NO„)Me^ + ArCH (Cl) CMe^NO. 

^ 4 2 2 2 


243 

The above pathway has been named as Ej^^l (Elimination, radical 
Chain, Unimolecular) mechanism, 

235 

Kornblum and his coworkers have reported the conversion 
of vicinal dinitroalkanes into alkenes by treatment with either 
thiophenoxide or sulfide anions (Eqs. 25 & 26); 


>1 

NO,, N0„ 


R 


2 PhS 


■> R C=CR + 2 NO ~ + PhS-^ 


f / +■ jr'ns-SPh 

R ^ ^ 2 


(25) 



These reactions are believed to occur by E 1 mechanism. Vicinal 

R.C 

dihalides react readily with sodium naphthalene and disodium 
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salt of phenanthrene giving olefins. 

248 

Saxgent and coworkers have studied the reaction of a 
gem-dihalide viz 2 , 2-dichloro-3, 3-dimethylbutane with sodium 
n^hthalene. These authors have proposed the existence of a 
new reactive intermediate called a carbene radical- am on. The 
formation of the products of this reaction via "elimination 
and reduction" pathway are summarised in Scheme 1,27; 


SCHEME 1.27 


CH^C (CH 3 ) 2 CCI 2 CH 3 CH 3 C (CH 3 ) 2 CCICH 3 


CH_ 

t . 

3 , 3 

CH3 

OR 

H-C Cl 

' i 

CH_-C-C; - 

' I I 

H3C CH3 


CH3 


CH. 

I r. 

H_C-C-C-CH-+ C 

3 I 3 

CH3 

OR 


H^C Cl 
I 

H_C-C-C: - 

^ i * 

H-C CH- 
3 3 



+ (CH3) 3CCH=CH2 


CH 3 C (CH 3 ) 


(a carbene 
r adi c al- am on ) 


Naph 


CH^C (CH3) 2CH2CH3 — CH^C(CH,) ^CHCH 


3' 2 
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Singh and Jayaraman have invoked the presence of bridged 
radicals in the reaction of gem-di chlorides with sodium naphthalan 
as shown in Scheme 1,28; 



SCHEME 1.28 


R2CCI2 


Naph 


> fR„CCl^ * > R CCl 

L ^ £i -Cl" 


^ merisation^ R^C (C1)C (cDr^ 


R^C (cDcCcDr^ 


Napti 


-> I R^C (C1)C(C1)R 




RjC-CR^ 

Cl 


R^O 


CR, 


* y z 


t ^ 'cl' 

iNaph 


R2C=CR2 + Cl 


Base catalysed elimination reactions of 4-ni trobenzyl- 
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halides and dimethyl-4-nitrobenzylsulfonium ion are known. 

An electron transfer mechanism as outlined in Scheme 1.29 has 
25 1 

been proposed: 


SCHEME I. 29 


ArCH^X + OH 


ArCHX + ArCH2X 


j^CH2:^ * 


ArCH^ + ArCHX 




-> 


ArCHX + H^O 


ArCHX + 


j^CH2^ 


ArCH^ + X 


ArCH^CHXAr 


ArCH^CHXAr > ArCH=CHAr 



38 


40 

Reductive eliminations of cyclic phosphates, cyanohy- 
41 / 252 

drins, cv-nitrosul tones and synchronous elimination of the 

nitro and ester groups or the nitro and keto groups in appropriate 

25 3 

substrates have been reported recently, 

1.8 The Reaction 

The transformation of (XXXIX) to (XL) shown in Eq, (27) 
represents the first report of a radical- anion, radical chain 
substitution reaction with allylic rearrangement. This 

ArCH=CHCH(Cl)Bu-t + X“ ^ ArCH (x) CH=CHBu-t 

(XXXIX) (XL) .. (27) 

Ar = p- 02 NCgH^ and X = Me2CN02 or MeC(C00Et)2 

corresponds to a mechanism and has been named so by 

254 

Norris and Baker. 

1.9 The Mechanism 

In this mechanism, the substrate radical-anion [Phx] • 

undergoes nucleophilic displacement with nucleophile y“, in a 

r- -I T 196a 

single step, to form the product radical-anion PhY (Eg. 28), 
unlike the processes which utilise tv70 steps and have the 

phenyl radicals as intermediates (Scheme 1. 20) , 

H' - -< 28 ) 

Recently, reactions of 1-alkylpyridinium cations (XLl) 

255 

with anions derived from nitroalkanes and ethyl malonate 
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SCHEME 1.31 

XLI + XLII ■' Charge- transfer complex (CTC) 



This non-chain radical pathway has also been named as Sp^j^2 by 

255 

Katritzky and coworkers in contrast to the one proposed 

196 a 

earlier by Bunnett and coworkers. 

It is evident from the above description that many reac- 
tions known to proceed by uncertain pathways present challenging 
opportunities for mechanistic investigations. Vie, therefore/ 
decided to study a few reactions described in the following 
chapters which initially appeared to involve free radical inter- 
mediates and now found by us to involve electron transfer 


processes. 
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«« * 

and AlHX^ when fomed in the reaction medium serve the same 
purpose as inferior alternatives to with efficiency 

decreasing in the order: AlH^X" J>A 1 H 2 X 2 ~>A 1 HX 2 ”’. 

Reductive cyclization of Z-2-chlorostilbene also involves 
electron transfer from AlH^” producing aryl radicals. These 
radicals preferentially cyclize to give phenanthrene in good 
yields but also pick up a hydrogen atom from AlH^” giving 
Z-stilbene. LAH-induced isomerization of ^stilbene to E-stil- 
bene supports the view on electron donating capability of LAH, 


II. 2 Introduction 

LAH has been known for over thirty years as one of the 

most versatile reducing agents in organic chemistry. Since its 

discovery in 1947/ the uses of this reagent have become a 

legend. Inability of the catalytic hydrogenation method to 

selectively reduce carbonyl functions of ketones, acids, esters 

and amides in the presence of carbon-carbon multiple bonds led 

2 

to the growing interest in complex metal hydride reductions 
which serve the purpose. Its violent reaction with water 
resulting in the liberation of hydrogen and decomposition of 
the reagent by protic solvents do not permit use of LAH for 
the reduction of substances which dissolve only in water or 
other protic solvents. However, substances soluble in ethereal 
solvents such as diethyl ether and tetrahydrofuran are reduced 
by LAH readily and in some cases, quantitatively. Though many 
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complex metal hydrides have been developed/ but more attention 

has been preferentially focussed on LAH, sodium borohydride 

(SBH) / tri-n-butyltinhydride (n-Bu^SnH) and diborane (B^H^) , 

The scope and limitations of the reducing action of corrplex 

3-9 

metal hydrides have been reviewed extensively. 

Table 11,1 shows some typical functional groups well 
known to undergo reduction with LAH. 


Table II , 1 Common Functional Groups Reduced with LAH 


Functional group (s) 



-CO^R 

-COOH 

-CONHR 

-CONR^ 


-C2N 

^C=N0H 

Ar-NO^ 


-CH^X 

(X = halogen/, OTs# OBs or 
any such good leaving group) 

CH-X 

(X = halogen, OTs, OBs, etc.) 



X. 


Major product (s) 




CHOH 


-CH 2 OH + ROH 

-CH^OH 

-CH2NHR 

-CH 2 NR 2 or -CHO 4- R 2 NH 
-CH 2 NH 2 


~C-NH2 

Ar-N=rN-Ar 

-CH^ 
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The redaction of an aldehyde or a ketone with LAH is 
thought to involve the transfer of a hydride ion to the carbonyl 
function: 

4H 0 

AlH^ + 4 R^GO — > (R2CH0)^A1'' 4 R^CHOH + A1 (OH) ^ + OH" 

Since all the four hydrogen atoms of LAH can be used for reduc- 

10 

tion, the occurrence of a series of consecutive reactions 
shown below is apparent: 


AlH^ + R^CO 


— r H^A1"~0CHR- 

step 13 2 


step ^ 


> H 2 AI"- (OCHR^) 2 
step 3 . ^^ 2 ^^ 


R.CO 

Al" (OCHR-) . 7 - 

2 ' 4 step 4 


HAl" (OCHR^)^ 


After the first step, it is observed that every subsequent step 

IS slower than the step immediately preceding it: i.e., step 1 ^ 

step 2^step 3^step 4. Unlike isolated carbon-carbon double 

11 12 

bonds, activated double bonds have been reduced with LAH * 
as shown below: 

PhCH=CHCHO 

LAH at 25 « 


LAH added to 
aldehyde at - 10 ' 


PhCH=CHCH20H 


Excess LAH (6 times)'- 
aldehyde added to 


PhCH^CH^CH^OH 


These reductions are believed to involve an organoaluminium 
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complex as intermediate; 


Ph 


''2?‘ 


|^PhCH=CHCH2(0 AlH^ — > f 




.C^ ^0^ 

A1 

“"O 

Ph 


ROD 

Ph-CHCH_CH_OD 
1 2 2 


"CH, 


■CH, 


D 


Reduction of carbonyl groups attached to a nitrogen 
function has also been reported; 



15 

Reduction of 1, 2-diaroyl-l, 2-diazeti dines with LAH at 80“ 
results in the transformation of both carbonyl groups into 
methylene groups; 
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when R = p-MeOCgH^ and p-CF^CgH^; whereas reduction at 

22® yields exclusively monoaroyl-1^ 2-diazetidine when R is a 
phenyl group . 

Normal double bonds in bifluorenylidene and similar 

1.6 

strained fulvenes are known to undergo reduction with LAH, 



The reduction of substituted diarylolefins has also been 
achieved. 

18 

Nitriles are reduced to the corresponding amines: 



The LAH reduction of oximes yields primary amines. Aziridines 

2122 

are pro diced from the reduction of benzylic ketoximes ' with 
LAH. The reactions proceed with a high degree of stereo- 
speci ficity: 



H 


I 
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Epoxides have been reported to undergo reduction via a 

Sj^2 attack by H” ion in free or bound state at less hindered 

23 24 

position giving more highly substituted alcohol. ' Exceptions 

25 

to this generalization have also been reported in the literature. 


Me-C-CH CMe^ 

3 2 


LAH ^ 
Et^O' 


Me^C-CH„-CMe^ 
3 2 I 2 

OH 


The reduction of episulfides with LAH results in olefin foima- 

^ 26,27 

tion: ' 






H 


Scission of C-*C bond has been observed in the reduction 
of benzpinacolones ~ with LAH; 




Ph 

i 

-C-C-Ph 

H 

0 


LAH 


Pyridine 





CH^OH + 




CHPh 


The C-C bond cleavage has also been observed during LAH reduc- 

33 34 

tion of a terminal propargyl alcohol and episulfones. 


Ph 




Ph 


H H 

II 

0 


— — PhCH„-S-CH.Ph 
2^2 

0 


Isomerisation of E-isomers of od -phenyl- /S-methylcinna- 
monitrile and o^-phenyl- ^-methylchlorocinnamonitrile has been 
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35 

achieved during LAH reductions: 



Ethers are generally resistant to attack by LAH; but a 

few reactions of ether cleavage have been reported in the 

literature. For example^ methyl phenyl ethers undergo select- 

3 G 

ive demethyl ati on with LAH in benzene or heptane. 



37 

King and Pews have reported a few interesting examples 
of reductive eliminations of 1/ 2-dihalides and 1, 2-dibromo- 
hydrin-p- toluen esul f on ates : 

\ ^ LAH -s^ ^ 

^ — N ^ \ 

X Y 


These reductions are visualized to occur by the path outlined 
below; 



+ HX 
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Free radical intermediates have been proposed recently 

O Q 

in the reactions of alkylmercuric halides with LAH: 



Reduction of triphenyl vinyl bromides with LAH yields the 

39 

corresponding styrenes. cis - Vinyl halides yield a 1:1 mixture 

of CIS - and trans - styrenes. An addition- elimination mechanism 
outlined below has been proposed: 


Ar ' Br 


Ar Ar 

X- / 

C—CH 

V 

Ar ' ^Br 


Ar Ar 


Ar Ar ' Ai 

' X / 

+ c=c 

H Ar H 


Recently, the involvement of free radicals has been suggested 
in the reduction of cis - and trans -^A -bromostyrenes^*^ with LAH 
and LAD/ as shown below: 
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Reduction of gem -bromofluorocvclooropanes with LAH in 

tetrahydrofuran proceeds stereospecifically with retention of 
41 

configuration, presumably via a four centred transition state 
shown below s 



LAH reductions of some other qem -dihalides shown below 

42 

are believed to involve tree radical intermediatesJ 



a) X=Y=C1; b) X=:Y=Br; a) X =C1; b) X =Br; c) X=C1. 

c) X =C1, Y =Br. 

Aromatic halides have also been reduced by LAH in refluxing 

Bromobenzene and lodobenzene react rapidly giving 

46 

high yields of the dehalogenated product. 


ArX 


LAH 

THP 


ArH ( > 90%) 



DO 


47 

Brovn and Krishnamurty have suggested the intervention of a 
four-centred transition state in such reductions: 



LiAlH^ + LiAlH^X > LiAl2H^ + LxX 


The order of reactivities of, halogens in such reductions is 

I>Br’>Cl>F which also happens to be the order of reactivities 

48 

of halides involving free radical intermediates. 

Reduction of o-bromophenyl allyl ether with LAH yields 

phenyl allyl ether and 3-methyl- 2, S-dihydrobenzo fur an. A mechanism 

49 

involving free radical intermediates has been proposed: 



Recently/ single electron transfer in the LAH reductions of 

50 

ketones and alcohols has also been reported. 

In view of the mechanistic uncertainties in the reactions 
of LAH with various substrates especially the organic halides/ 
we undertook a study of the reactions of LAH with benzylic halides 
and Z-2-chlorostilbene in detail so as to ascertain the reaction 
pathway. 
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^^•3 Result-s and Discussion 

LAH IS traditionally thought to involve a nucleophilic 

attack by the hydride ion in bonded or free state. However, 

in some of the reactions involving LAH, nucleophilic attack by 

the hydride ion is not so obvious as usually thought. The 

reduction of 9~formylanthracene to give 1, 2-di- (9-anthryl) - 

ethane or formation of tetraphenylethane in reaction (l) 

5 3 

and that of 2, 3-diphenylbutane in reaction (2) are such 
examples: 


Ph 

I 

Ph-CH-Br 

Me 

I 

Ph-CH-Cl 


Ph Fh 

LAH ^ ^ 

^ PhCH^Ph + Ph-CH-CH-Ph 

Me Me 

' lM"+LiD^ PhCH(R)Me -1- Ph-CH-CH-Ph 
R =H, D. 


.. ( 1 ) 

( 2 ) 


Whereas the LAH reduction of 9-formylanthracen,e bo 1, 2-di- 

(9-anthryl) -ethane can be now rationalized in berms of an 

electron transfer process (not a nucleophilic process 1 ) 

50 

similar to that reported recently. 



we note here that the occurrence of reactions (l) and (2) cannot 
be rationalized on the basis of a nucleophilic attack by H“ ion 



unless the unlikely approach of H to the partially negatively 
charged halogen is assumed. 

We undertook the present study with a view to establishing 
the mechanisms of LAH reductions with reference to a few 
selected substrates. The occurrence of a radical component in 
a few reactions has been conclusively proved by us using chemical 
and ESR studies. Reductions of 9-chloromethylanthracene la /, 
diphenylchloromethane Ib and 9-bromofluorene ^ were carried 
out in dry THF at ice-bath temperature under inert atmosphere 
by the addition of LAH contained in tetrahydrofuran. Different 
molar ratios of the halide to LAH were used during these reduc- 
tions. Characteristic transient green, yellow and red colors 
developed, respectively which deepend in the beginning but slowly 
faded away as the reaction proceeded forward. Evolution of 
hydrogen gas was observed in all the reactions. The product 
distribution of these reactions is list d in Table II. 2. 

5 2 

The suggestion of Trevoy and Brown that the dimeric 
product might be arising from the metallation of initially 
formed reduction product -ArCH^R, followed by a nucleophilic 
attack of the carbanion on the organic halide (Scheme II. l) 

SCHEME II. 1 

ArCH-X ArCH.R — — » ArJHLl'*' 

) ^ i 

R R 

has been ruled out on the basis of our inability to get any 


R 

ArCHCHAr 
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Table II. 2 . Reaction^ of I, Ar-CH (l^ -X (0 .01 mol) with LAH in 
dry THF at ice-bath temperature imder inert 
atmosphere 


Halide 

Run 

LAH 

mol 

Reac- 

tion 

time, 

min. 


% Products 



[^-CH(R)J-. 

Ar-CH^-R 

Starting 

halide 

H ^ 

”2 

la 

1 

0.01 

35 

64 

23 

— 

63 

la 

2 

0.005 

35 

42 

16 

32 

70 

la 

3 

0.0025 

35 

35 

11 

44 

75 

la 

4 

0.0025 

240 

40 

13 

36 

82 

Ib 

5 

0.01 

35 

42 

25 

- 

58 

Ib 

6 

0.005 

35 

36 

13 

27 

63 

Ib 

7 

0.00 25 

35 

26 

9 

37 

72 

Ib 

8 

0.0025 

240 

31 

10 

30 

75 

Ic 

9 

0.01 

35 

72 

20 

- 

58 

Ic 

10 

0.005 

35 

■>'l 

14 

30 

80 

Ic 

11 

0.0025 

35 

42 

8 

40 

100 

Ic 

12 

0.0025 

240 

46 

10 

34 

100 


a# On mixing the reactants green, yellow and red colors developed 
immediately in the cases of la , Ib and Ic respectively; ^ 
also yielded fluorene 1 %, 5% and < 5% in runs 5, 6, 7 and 8 
respectively. 

b. Volume of H 2 determined at atmospheric pressure by comparison 
with control experiments in the absence of I using same batch 
of reactants and solvent under identical conditions and 
percentage calculated based on the availability of only one 
out of four hydrogens of LAH, 
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deuterium incorporated product in the reactions of LAH with 
fluorene, diphenylme thane and 9-methyl anthracene under the 
original conditions and subsequent work up in the presence of 

DjO. 

We consider the approach of a hydride ion to the negative 
halogen end of the C-X: dipole in ArCH(R)-X as improbable. This 
view makes the formation of a carbanion via abstraction of a 
halonium ion followed by subsequent attack on the halide to 
yield dimer unlikely: 

ArCH(R)-X + LAH — ArCHR . ArCH-CHAr 

\ i 

R R 

The possibility of abstraction of a proton by hydride ion (Eg, 3) 
leading to the formation of a,^-halocarbanion with simultaneous 

ArCH(R)-X + H (from LAH) > ArQ (R) -X + H^ .. (3) 

evolution of hydrogen gas is ruled out on the basis of total 
absence of deuterium in the unreacted starting halides recovered 
in runs 1/ 5 and 9 on quenching each reaction with D 2 O after 
5 minutes. 

The possibility of formation of dimers by the reduction 
of corresponding compoiands of the type - ArC (R) =C (r) Ar - 
thought to arise via heterolytic reaction of the halide with 
LAH received our attention; but in control e:xperiments with 


Arc (R) =C (R) Ar + LAH 


X"— > ArCH (r) CH (R) Ar 



73 


tetraphenylethylene and 9# 9 '-bifluorenylidene under otherwise 
similar conditions, no reduction was observed. Similarly, 
conceivable cleavage of the central C-C bond in dimers giving 
corresponding monomeric products- ArCH 2 R- is ruled out on the 
basis of control eroeriments with authentic samples of 

ArCH(R)CH(R)Ar + LAH 55 ^ ArCH^R 

1/ 2-di-(9-anthryl) ethane, tetraphenylethane and 9, 9 '-bifluorenyl 
wherein the starting hydrocarbons were recovered unchanged. 

The intermediacy of radicals in these reactions was 
proved by the strong ESR signals observed in the reactions of 
LAH with benzhydryl chloride and 9-bromofluorene which were not 
present in the pure reactants. The intensity of these signals 
was found to increase in the beginning but started decreasing 
after some time. A multiple line ESR signal was observed when 
p-nitrobenzyl bromide was mixed with LAii, The signal was found 
to bo fairly long-lived as e5<pected due to electron withdrawing 
effect of the nitro group. 

In view of the foregoing observations, we conclude that the 
reactions under consideration are triggered off by fast transfer 
of an electron from either A1H^~ or the hydride anion (made 
available from the dissociation A1H^“ ^ ) to the 

low lying vacant antibonding molecular orbital of the organic 
halide producing radical- anion of the organic halide, hydrogen 
gas and aluminium hydride simultaneously, as shown in step (i) 


of Scheme II. 2. 




Fig .IL1 ESR spectrum recorded during the reaction 
of benzhydryt chloride with LiAlH 4 . 



Fig. II .2 ESR spectrum recorded during the reaction 
of 9~bromofluorene with LiAlH^ . 





I Total hyperfino structure 
1 scparction ^ 470 






1 


After 8 min of addition 
of reactants. 
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Ar-CH(R)-X + A 1 H^“ 
I 

Ar-CH (R) -x* 

II 

2 Ar-CH-R 
III 

Ax'— CH— R + AlH^ 

Ar-CH (R)-X + AIH^* 

I 


SCHEME II. 2 

Ar-CH (R)-x’ + % H^ + AlH^ 
II 

-> Ar-CH-R + X~ 

III 

^ Ar-CH (R)-CH(R)-Ar 
IV 

Ar-CH 2 -R 4- AIH^* 

V 

— ^ II + AlH^ 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


The radical— anion II, once formed, dissociates to gi've 
free radicals III (step ii) . The benzylic radicals III are 
known to prefer dimerisation via step (iii) rather than hydrogen 
abstraction from THF solvent. A look at the quantity of 
hydrogen gas evolved in accordance with step (i) on one hand and 
the formation of substantial amounts of V on the other, makes 
the existence of hydrogen atom abstracting process represented 
by step (iv) obvious. Abstraction of a hydrogen atom by radical 
species from AlH^*" is precedented. Besides producing 
monomeric reduction product V, step (iv) generates the radical- 
anion, AlH^ which conpetes with AlH^” in donating an electron 
to the halide. Combination of steps (i to v) accounts for the 
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involvement of only one out of four hydrogens available in 
AlH^ in the reduction process. But the consumption of signi- 
ficantly more than 50% of I in runs 2 , 6 and 10 where only half 
the molar quantity of LAH was used and similarly/ significantly 
more than 25% of I in runs 3/ 7 and 11 with only one-fourth 
molar quantity of the reducing agent indicate utilisation of 
the remaining hydrogens of ^.IH^ in these cases. 

Johnson/ Blizzard and Carhart^^ have proposed the overall 
reduction of four moles of halide with one mole of LAH as taking 
place in two steps: 

R-X + LiAlH^ > R-H + LiX + AlH^ 

3 RX + •^^3 ' ^ 3 R-H + AIX^ 

An investigation of this process using equimolar quantity of 
^IH^/ prepared in sitU / with 9— bromofluorene under otherwise 
unchanged reaction conditions showed that no reaction had 
occurred thus disproving the above hypothesis. On repeating 
the above reaction by replacing one— fourth of AlH^ with equal 
number of moles of sodium n^hthalene/ bifluorenyl (40%)/ 
fluorene (11%) and starting halide (40%) were obtained. 

These results are consistent with the well known ability 

56 

of sodium naphthalene to act as electron donor. Equation 4, 
therefore/ represents the initiating process in place of step (i) 

Ar-CH(R)-X* -f 
II 




Ar-CH(R)-X + 


.. ( 4 ) 



78 


The halide ion/ X produced from II (step ii) combines*^ 
with AIH^ present in the medium giving The latter anion 

can act as a source of hydrogen atoms (Eg. 5) : 

Ar-CH-R + AIH^X" > Ar-CH^-R + AlH^x’ .. (5) 

^ecies AlH^X and AlH^X can also donate electrons as inferior 
alternatives to AlH^ and AlH^ / respectively. It is logical 
that species of the type AIH 2 X 2 ”/ AlHX^” and A1X^“ may also be 
similarly formed in the medium in succession. The first two 

of these would, to some extent, act as hydrogen atom donors 

• • 

producing radical- anions, AlH^X and AlX^ , respectively. The 
expected order of efficiency in reactivities of alanates and 
alane radical-anions likely to occur in the title reactions is 
as follows : 

As electron donor : A1H^">A1H2X > Al?f 2 X 2 ~> A1HX3“> A1X^“ 

AlH^* > AlH^X* > AIHX 2 * > AlXg* 

As hydrogen donor : A1H^"> AlH^x" > AlH^x" > AlHX^" 

This explains why in our reactions (runs 3, 7 and ll) only 
37 - 44 % of the starting halide ratiains unreacted in 35 min., when 
electron transfer mechanism operates using one-fourth of the 
equimolar quantity of LAH and also provides rationale for an 
earlier observation'^^ that first hydrogen in alanate reacts more 
efficiently than others. In conformity with this view, we found 
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that the extension of the reaction time in runs 3/ 6 and 9 
to 240 min. indeed left lesser quantities of the unreacted 
halides (see Table II. 2 , runs 4^ 8 and 12) . 

Intervention of free radicals has also been demonstrated 
in the reactions of LAH with _^2“Chlorostilbene. The reactions 
were carried out by the addition of LAH contained in THF to a 
solution of ^2-chlorostilbene in the same solvent at ambient 
temperature under dry nitrogen atmosphere. The reactions 
proceeded with the evolution of hydrogen gas. The results are 
summarized in Table II. 3. 


Table II. 3 . Reaction of Z-2-Chlorostilbene (0,01 mol) with LAH 
in dry THF at 25 ®C 


Run 

LAH 

mol 

Time 

hr 

% Yield of Products 


ml 

Phenanthrene 

Z-Stilbene E- 

■ Stilbene 

1 

0.00625 

12 

33 

16 

nil 

20 

2 

0.0125 

12 

65 

30 

nil 

32 

3 

0.0125 

24 

66 

29 

nil 

32 

4 

0.025 

12 

66 

25 

5 

38 

5 

0.025 

24 

68 

20 

8 

40 

6 

0.04 

24 

68 

5 

22 

62 


0.025 

12 

32 

52 

12 

48 

8= 

0.025 

12 

37 

50 

9 

46 


a.. Volume of H 2 was determined at atmospheric pressure by compa- 
rison with control ejqperiment in the absence of halide using 
same batch of reactants and solvent under identical conditions. 


b. In presence of cyclohexene (0.15 mol). 

c. In presence of cumene (0.15 mol). 



dU 

It is evident from these data that phenanthrene (x) and 
^stilbene (XI) are formed first and E-stilbene (XIl) arises 
from the latter in a secondary process involving LAH. A compa- 
rison of the combined yields of ^ and E^-stilbenes with those 
of phenanthrene in runs 2-6 reveals that the reductive cycliza— 
tion predominates over the simple dechlorination process; but 
this trend is reversed in runs 7 and 8 where cyclohexene and 
cumene, respectively, are present. The reported'^'^ order of 
reactivities in the LAH reduction of halobenzenes i.e., I>Br]> 
C1'>'F, is the same as that observed^^ in electron transfer 
reductions using several different electron donor reagents. All 
those observations become discernible when intervention of 
radicals formed by dissociative electron capture on Z-2-chloro- 
stilbene (VI) is considered significant as shown in the Scheme II. 3. 


SCHEME II. 3 



XII XI X 
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Conditions favoring electron transfer from to 

VI in step (i) do exist in the present study. The extended 
conjugation in VI presumably provides ABMO of low enough 
energy for acceptance of an electron from LAH made available 
from AlH^ or the hydride anion (A1H“ AlH^ + H“) . The 

radical— anion VTI dissociates to give radical Vlll and the 
chloride anion. The radical VIII is known”"^ to prefer intra- 
molecular phenylation (giving x) over hydrogen atom abstraction. 
The favorable distance of the order of 1.5 ^ between the two 
positions to be linked in radical VIII significantly contributes 
to cyclisation. Evidently, the life-time of radical VIII must 
be long compared to the time of rotation or oscillation of the 

rings. However, enhanced yields of stilbenes in runs 7 and 8 

60 

reflect the known ease of hydrogen atom donation by cyclo- 
hexene and cumene, respectively, to aryl radicals. The carbanion 
corresponding to radical VIII, even if 'ormed would not have 
cyclised.^^ 


Electron donation by LAH, as seen from the volume of 
hydrogen gas evolved, generates only a fraction of the total 
amount of VIII that actually produces X, XI and XII. It is, 
therefore, considered likely that besides reacting by step (iii) , 
radical VTII picks up a hydrogen atom ' from AlH^ producing 

m • 

XI and radical-anion AlH^ (Eq. 6) . Once formed, AlH^ intervenes 



( 6 ) 
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as electron donor in step (i) which continues giving VIII as 
long as both Z-2— chlorostilbene and AlH^ are present. Conse- 
quently, Eq. 6 must account for a major portion of stilbenes 
obtained in runs 1—6. To confirm the aforesaid view the reac- 
tion (run 3) was repeated using LiAlD^ instead of LiAlH^ v^ich 
yielded phenanthrene (65%) and Z-stilbene (28%) which contained 
largely the monodeuterated component (nrar) . 

The AIH^ present in the medium may pick up a proton from 
radical DC obtained by intramolecular cyclisation of radical VIII 
giving phenanthrene radical— anion which can then transfer the 


SCHEIiE II. 4 




additional electron to ^2-chlorostilbene producing radical- 
anion VII and phenanthrene (Scheme II. 4). 

That E-stilbene is produced by LAH induced isomerisation 
of Z-stilbene is evident from a comparison of the yields of 
the two stilbenes in runs 4-8 with those in runs 1-3. This 
conclusion receives support from the following results obtained 
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by reacting an authentic sample of Z-stilbene (O.Ol mol) with 
LiAlH_^ in 50 ml of THF at 25 ®C under nitrogen atmosphere for 
24 hr: 

LiAlH^, mol : 0.005 0.01 0.02 0,05 0,10 

Yield ofXII, % ; 50 55 80 93 96 

This isomerisation may take place by rotation about the 
Crj-Cj, bond during radical- anion (formed when ^stilbene accepts 
an electron) or di anion (formed when the radical-anion of 
^stilbene accepts another electron) stage of the substrate. 
Formation of di anion may also 
be visualized through dispro- 
portionation of the radical - 
anion. Although dispropor- 
tionation appears to be highly unfavorable owing to the large 
repulsion energy between the two adjacent anionic centres in 
the dianion while the entropy of the system virtually remains 

unaltered/ it may take place because the solvation energy of 

62 

dianion is twice as large as that of the radical— anion. 

Table II. 4 shows that the bond order in stilbene di anion 
is reduced considerably making rotation about • bond a 

relatively more facile process. This argument coupled with the 
fact that the benzyl radical accepts an electron to give benzyl 
anion^^ suggests that the mechanism of isomerization of 
Z-stilbene to E-stilbene involves rotation about the i 
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II. 4, Some moMle bond orders in stilbene and its mono- 
and di anions 


Species 

Bond 

1 - 1 ' 

Orders 

1-7 

Stilbene 

0.820 

0.431 

Stilbene 

0.628 

0.S26 

2- 



Stilbene 

0.436 

0,621 


bond during the olefin's life-time as a dianion (Scheme II. 5), 
This also e3<plains why an excess of LAH is required to bring 


Z-stilbene 

XI 

XIII 


2 XIII 


SCHEME II. 5 

> [z-stilben^" 

XIII 

> |^^stilben0 

XIV 

^ XIV + XI 


XIV 


fast 


2 - 


Fe- stilbene] E- stilbene + 2 SH” 

L- J - I 

Decay products 


XV 


XII 


XV + XI 


I^E-stilbenej 

XVI 


+ XIII 


2 XVI 


^ XV + E-stilbene 



85 


about a quantitative conversion. Formation of fluorene in the 
reaction of LAH with benzhydryl chloride may also be accounted 
for by a free radical cyclisation^^ process as shown below: 



II. 4 Experimental 

All melting points were taken on MEL- TEMP melting point 
apparatus. IR spectra were recorded on Perkin-Elmer, models- 
137 and 521. The ESR spectra were recorded on Varian model - 
V-450 2 EPR spectrophotometer system operating at X-band with 
10 KC modulation. The NMR spectra were recorded on Varian A-60D, 
The products were identified by compar: son of their IR spectra 
with those of the authentic samples, by TLC, melting points and 
mixed melting points. Literature melting points are cited from 
"Handbook of Chemistry and Physics, " 50th edition, R.C. Weast 
(Ed.), published by Chemical Rubber Co., Cleaveland, Ohio, unless 
otherwise, specified. 

Tetrahydrofuran (THF)was purified by keeping it over 
potassi^lm hydroxide pellets overnight, refluxing over sodixim 
wire for 5-6 hr and then distilling over sodium twice, refluxing 
the same for 3-4 hr with lithiim aluminiuun hydride followed by 
distillation (over LAH) . The distilled THF was stored in 
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contact with freshly drawn sodium wire. 

Starting Materials 

LAH (Riedel) and (SRL) of high purity were used. 

^“Stilbene (Analar/ BDH) was used as such and fluorene (BDH) was 

used after double recrystallisation from ethanol. Diphenyl 

methane (Light and Co., Colnbrook, England) was used after 

distillation. Silica-gel (Acme's, 100-200 mesh) was used for 

column chromatography. 9-Bromofluorene, benzhydryl chloride 

G 7 

and 9-chloromethyl anthracene were prepared by known procedures. 

G 8 G 9 

9-Methyl anthracene, 9,9'-bifluorenylidene, tetraphenylethy- 

70 71 7 2 

lene, _^stllbene and ^2-chlorostilbene were prepared by 

methods reported in the literature. 

General Method for the Reduction of Halides 

In a 3-necked 250 ml round bottom flask mounted over a 
magnetic stirring base, with a magnet i iside, and connected to 
a nitrogen gas cylinder through a purifier, to a gas collector 
through a mercury trap and to a pressure equalising dropping 
funnel, was kept a solution of the halide (0.01 mol) in dry THE 
(50 ml). The halide solution was purged with nitrogen gas with 
continuous stirring. LAH contained in dry THE (50 ml) was 
added to it through the dropping funnel. After sppropriate 
time, water was slowly added to the reaction mixture followed 
by the addition of dil, HCl and products extracted with five 
50 ml portions of ether (unless mentioned otherwise) . The 
combined extracts were washed with water, dried over anh. MgSO^ 



and concentrated. The crude mixture so obtained was chromato- 
graphed over a silica-gel column with proper solvents as 
eluants to give the pure products separately. 


Reaction of LAH with 9-Chloromethyl anthracene, l a 
(a) LAH to halide la molar ratio - 1:1 

LAH (0.38 g, 0.01 mol) contained in 50 ml of dry THF was 
added to a solution of 9 -chloromethyl anthracene (2.26 g, 0.01 mol) 
in 50 ml of dry THF kept at ice-bath temperature under an atmos- 
phere of N^. 70 ml (63%) of hydrogen gas evolved (after account- 

ing for the gas evolved in a control experiment) within 10 min. 
and a transient green color immediately speared which faded 
out with time. The reaction mixture became yellow due to the 
formation of a yellow precipitate and was worked up by adding 
distilled water. The yellow precipitate obtained after filtra- 
tion of the mixture and washing with water and a slight amount 
of hexane was identified as l, 2 -di-( 9 -anthryl) ethane (m.p. 308- 
310“/ lit. 308-313“C) . The concentration of the ethereal extract 
of the filtrate gave a crude mixture which was shaken well with 
hexane when a part of the mixture remained insoluble and was 
filtered. The hexane insoluble portion was identified as 1/ 2-di- 
( 9 -anthryl)ethane and its total yield was 1.23 g (-^64%). Hexane 
was removed from the filtrate and solid so obtained was recrys- 
tallised from ethanol. It was identified as 9 -methyl anthracene 
(m.p. 80“/ lit. 81.5“C) and amoianted to 0.44 g (^23%). The 
compounds were characterized by comparison of IR spectra/ TLC, 
mixed melting points and C, H analyses. 



(b) LAH tX3 halide la molar ratio - 1; 2 

Addition of LAH (0,19 g, 0.005 mol) contained in 50 ml 
of dry THP to a solution of 9- chloromethyl anthracene (2.26 g, 
0.01 mol) in 50 ml of dry THF kept at ice-bath temperature under 
nitrogen atmosphere resulted in the evolution of 40 ml (70%) of 
hydrogen gas. The reaction was allowed to proceed for 35 min. 
after which the separation of products as detailed above yielded 
9-methyl anthracene (0.31 g, ,^'16%) , 9-chloromethyl anthracene 
(0.72 g,,^32%) and 1/ 2-di- (9-anthryl) -ethane (0.80 g, ,--'42%) . 

(c) LAH to halide ^ molar ratio -1:4; Reaction time -35 min. 

The above reaction was repeated using LAH (O.l g, 0.0025 
mol) and 9- chloromethyl anthracene (2.26 g, 0.01 mol) in a total 
of 100 ml of THF. Hydrogen gas 21 ml (75%) was evolved. The 
product distribution was detemined to be as 9-methylanthracene 
(0.21 g,/-''ll%), 9-chloromethyl anthracene (l.OO g,/-^44%) and 
1/ 2-di- (9-anthryl) -ethane (0,67 g,-^ 3 5%). 

(d) LAI’1 to halide la mola r ratio -1:4; Reaction time - 240 min. 

LAH (0.1 g, 0.0025 mol) contained in 50 ml of dry THF 
was added to a solution of 9-chloromethylanthracene (2,26 g, 

0.01 mol) in dry THF (50 ml) kept at ice-bath terrperature under 
nitrogen atmosphere. Reaction started immediately with the 
evolution of hydrogen (23 ml, 82%) and was allowed to proceed 
for 240 min. Mixture was worked up with acidified water and the 
products obtained were 9-methylanthracene (0.25 g,^13%), 

9— chloromethyl anthracene (0.81 g, '-'‘36%) and 1, 2-di— (9— anthryl) - 





ethane (0.76 g,^4:0%). 


Reaction of LAH with Benzhydryl Chloride/ Ib 
(a) LAH to halide ^ molar ratio - 1: 1 

To a solution of benzhydryl chloride (2.02 g, 0.01 mol) 
in dry THF (50 ml) , kept at ice-bath tenperature under nitrogen 
atmosphere/ was added LAH (0,38 g, 0.01 mol) contained in THP 
(50 ml) . Hydrogen gas 65 ml (58%) was evolved (after accoxinting 
for the gas involved in a control experiment) within 5 minutes 
of the commencement of reaction and a transient yellow color 
developed. Reaction was allowed to proceed for 35 min. when it 
was worked up by the addition of water followed by dil, HCl. The 
ethereal extract/ on concentration, gave 0.250 g of 1, 1, 2, 2-tetra- 
phenylethane (m.p. 212-213®C/ lit. 214-215®C) . Complete removal 
of the solvent from the mother liquor, gave a crude mixture, 
which on chromatography over activated silica-gel column using 
petroleum ether (b.p. 60-66*) and petroleum ether: benzene, 75:25 
(v/v) as eluants gave diphenylmethane (0.42 g,/^25%; m.p. 26®C, 
lit. 26-27*C), fluorene (0.117 g,^l%j m.p. 116*, lit. 116-117*C) 
and an additional 0.45 g of 1, 1, 2, 2-tetraphenylethane, Total 
yield of 1, 1, 2, 2-tetraphenylethane was 0.70 g (•~'42%). These 
conpounds were identified by mixed melting points and super- 
inposable IR spectra with those of the authentic samples. 

In a separate experiment, when the reactants were mixed in 
the cavity of ESR spectrophotometer, strong ESR signals (not 
present in the pure reactants) were observed. The intensity of 
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these signals increased in the beginning but started decreasing 
after some time (Fig, II. l). 

(b) LAH to halide Ib molar ratio -1:2 

Reaction was carried out by adding LAH (0.19 g, 0.005 mol) 
contained in dry THF (50 ml) to a solution of benzhydryl chloride 
(2.02 g, 0.01 mol) in dry THF (50 ml) kept at ice-bath teirpera- 
ture under nitrogen atmosphere. The reaction proceeded with 
evolution of hydrogen gas (35 ml/ 63%) and the mixture was 
worked up after 35 min. in the usual manner. Separation of the 
product mixture on activated silica-gel column yielded diphenyl- 
methane (0.22 g//N-'l3%)/ fluorene (0.083 g/w5%) , benzhydryl 
chloride (0.55 g//~^27%) and 1/ 1/ 2/ 2-tetraphenylethane (0,60 g/ 

^36%) . 

(c) LAH to halide ^ molar ratio -1:4; Reaction time -35 min, 

LAH (0,10 g, 0.0025 mol) in 50 ml of dry THF was added to 
a solution of benzhydryl chloride (2.02 g, 0-01 mol) in 50 ml 
of dry THF kept at ice-bath temperature under nitrogen atmos- 
phere, Hydrogen gas 20 ml (72%) evolved within 5 minutes. The 
reaction was allowed to proceed for 35 min. after which the 
mixture was worked up with acidified water and extracted with 
solvent ether. The products obtained on separation of the 
mixture using silica-gel column were diphenylme thane (0.15 g,^9%), 
fluorene (0.050 g//^3%)/ benzhydryl chloride (0,749 g,/^ 37%) and 
1/ 1/ 2/ 2-tetraphenylethane (0.435 g//^'26%). 
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LAH to halide Ib molar rati o Reaction time - 240 min. 

Reduction was carried out by the addition of LAH (O.IO g, 
0.0025 mol) contained in dry THF (50 ml) to a solution of benz- 
hydryl chloride in 50 ml of THF, kept at lce~bath temperature 
under an atmosphere of nitrogen. Reaction was allowed to 
proceed for 35 min when 21 ml (75%) of hydrogen gas evolved. 

The reaction mixture was worked up using acidified water. The 
products were extracted with ether and the ethereal extract 
concentrated to give a mixture which was separated by means of 
column chromatography. Diphenyl methane (0.16 10%) , fluorene 

(0.67 g/r-'4%)/ benzhydryl chloride (0.6 g,/~'30%) and 1, 1, 2, 2-tetra- 
phenylethane (0.52 g,^ 31%) were obtained. 

Reaction of LAH with 9- Bromo fluorene, Ic 
(a) LAH to halide Ic molar ratio -1:1 

LAH (0.38 g, 0.01 mol) contained in dry THF (50 ml) was 
added to a solution of 9-bromo fluorene (2.45 g, 0.01 mol) in 
dry THF (50 ml) kept under nitrogen atmosphere at ice-bath 
temperature when 65 ml (58%) of hydrogen gas was evolved (after 
accounting for the gas evolved in a control ej^eriment) within 
3 min. of the commencement of reaction. A transient red color 
was observed. Reaction was allowed for a total of 35 min. when 
it was worked up by first adding water and then dil, HCl. 

Ethereal extract of the reaction mixture was dried over anhy- 
drous MgSO^, concentrated and chromatogrephed over silica— gel 
column using petroleum ether (b.p. 60-66®) as eluant to give 
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fluorene (0.33 g,^20%r m.p. 116», lit. 116-7®C) and 9,9'-bi- 
fluorenyl (l.l9 g,^12%; m.p. 247“, lit. 247*C). Both these 
compounds were characterized by determining the mixed melting 
points and comparison of their IR spectra with those of 
authentic samples. 

In a separate experiment when the reactants were mixed in 
the cavity of ESR spectrophotometer, ESR signals (not present 
in the pure reactants) were observed. The intensity of these 
signals increased with time and reached a maximum, beyond which 
the intensity of the ESR signal decreases (Fig. IT. 2). 

(c) LAH to halide Ic molar ratio - 1: 2 

To a solution of 9-bromofluorene (2.45 g, 0.01 mol) in 
dry THF (50 ml) , kept at ice-bath temperature under N 2 atmos- 
phere, was added LAH (0.19 g, 0.005 mol) contained in dry THF 
(50 ml) when 45 ml (80%) of gas was evolved within 5 min. of 
the commencement of reaction. Reaction mixture was worked up 
in the usual manner after 35 minutes. Chromatography over 
activated silica-gel coltamn with petroleum ether (b.p, 60-66*) 
as eluant gave fluorene (0.23 g,^14%), 9-bromofluorene (0,735 g, 
--'30%) and 9, 9 '-bifluorenyl (0.84 g,,-'5l%). 

(c) LAH to halide ^ molar ratio -1:4; Reaction time - 35 min. 

Addition of LAH (0.1 g, 0.0025 mol) contained in dry THF 
(50 ml) to a solution of 9-bromofluorene (2.45 g, 0,01 mol) in 
dry THF (50 ml) under atmosphere at ice-bath temperature 
liberated 28 ml (100%) of H 2 gas. On work up of the reaction 
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mixture and separation of the products by chromatography on a 
silica ~ gel column using petroleum ether (b.p. 60-66®) as 
eluant, fluorene (0.133 g//-^8%), 9-bromofluorene (0.98 g,^40%) 
and 9,9'-bifluorenyl (0.69 g,^42%) were obtained. 

(d) LAH to halide Ic molar ratio -1; 4; Reaction time - 240 min . 

To a solution of 9-bromofluorene (2,45 g, 0.01 mol in 
dry THF (50 ml) kept at ice-bath temperature under nitrogen 
atmosphere was added LAH (O.IO g, 0.0025 mol) contained in THF 
(50 ml) and the reaction allowed to proceed for 35 min. 

Hydrogen gas 28 ml (100%) was evolved. The mixture was worked 
up in the usual manner. Separation of the product mixture on 
an activated silica-gel column yielded fluorene (0.165 g,-^10%), 
9-bromofluorene (0.83 g,^34%) and 9, 9 '-bif luorenyl (0,76 g, 
/^46%) . 

Reaction of LAH and p-Nitrobenzyl bromide 

LAH and p-nitrobenzyl bromide in dry THF were mixed in 

the cavity of ESR spectrophotometer. ESR spectra was recorded 

after 8 min, and 30 min. of the addition of reactants. Multiple 
line ESR signals were observed which were fairly long-lived 

(Fig. II. 3). The intensity of these signals increased 

with time but started decreasing after some time. 

Reaction of Fluorene vdth LAH: Work-up with D^O 

LAH (0.38 g, 0.01 mol) contained in 50 ml of dry THF was 
added to a solution of fluorene (1.66 g, 0.01 mol) in dry THF 



94 


(50 ml) kept at ice-bath temperature under nitrogen atmosphere. 
The mixture was stirred for 35 min. D 2 O (15 ml) was added 
slowly to the reaction mixture and then it was worked up in 
the usual manner. On extraction with solvent ether and isola- 
tion, only the starting material was obtained and no deuterium 
incorporation was observed (nmr) , 

Reaction of Diphenylmethane with LAH : Work-up with D 2 O 

LAH (0.38 g, O.Ol mol) contained in dry THF (50 ml) was 
added to a solution of diphenylmethane (I .68 g, 0.01 mol) in 
dry THF (50 ml) kept under the same conditions as employed for 
the reduction of benzhydryl chloride. The mixture was worked 
up after stirring for 35 min., by the addition of D 2 O (15 ml) 
followed by acidified water. On extraction and isolation, only 
the starting material without deuterium incoiporation (nmr) was 
obtained. 

Reaction of 9-Methyl anthracene with LAH; Work-up with D 2 O 

LAH (0.38 g, 0.01 mol) contained in dry THF (50 ml) was 
added to a solution of 9-methyl anthracene (1.92 g, 0.01 mol) 
under similar conditions as employed for the corresponding 
halide. After 35 min., D 2 O (l5 ml) was added to the reaction 
mixture and it was worked up in the usual manner. The starting 
material was recovered unchanged (nmr). 
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Reaction of 9-Chloromethyl anthracene w ith LAH: Work-np with D^O 

LAH (0.38 g, 0.01 mol) contained in 50 ml of dry THF was 
added to a solution of 9-chloromethyl anthracene ( 2-26 g, 0-01 

dry THF kept at ice-bath temperature under 
nitrogen atmosphere- The reaction was vrorked up within 5 min. 
by adding 15 ml of D 2 O followed by addition of acidified water. 
Separation of products on a silica— gel column gave 9-chloro— 

methyl anthracene (0.25 g,^ll%) v/ith no deuterium incorporation 
(nmr) . 

Reaction of Benzhydryl Chloride v/ith LAH; Work-up v/ith D 2 O 

To a solution of benzhydryl chloride (2.02 g, 0,01 mol) 
in dry THF (50 ml) , kept at ice-bcth ternperature under nitrogen 
atmosphere/ was added LAH (0,38 g, 0.01 mol) contained in THF 
(50 ml) . The reaction was worked up after 5 min. by adding 
15 ml of D 2 O followed by acidified water. Separation of 
products in the usual manner gave benzhydryl chloride (0,16 g, 
/-^d%) with no deuterium incorporation (nmr) . 

Reaction of 9-Bromof luorene with LAH: Work-up with D 2 O 

Addition of LAH (0.38 g, 0,01 mol) contained in 50 ml of 
dry THF to a solution of 9-bromof luorene (2.45 g, 0.01 mol) in 
50 ml of THF was done at ice-bath temperature under nitrogen 
atmosphere. The reaction was worked up within 5 min. by addition 
of 15 ml of D 2 O followed by acidified water. Extraction, concen- 
tration and separation of products in the usual manner gave 
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Reaction of Tetraphenyl ethane with LAH 

To a solution of tetraphenylethane (3.34 g# 0.01 mol) in 
dry THF (50 ml) was added LAIi (0.38 g, 0.01 mol) contained in 
50 ml of dry THF under conditions identical to that employed for 
the reaction of benzhydryl chloride. On working up the reaction 
mixture in the usual manner after 35 min./ the starting hydro- 
carbon was recovered unchanged quantitatively. 

Reaction of 9, 9 '-Bifluorenyl with LAH 

LAH (0.38 g, 0.01 m.ol) contained in dry THF (50 ml) was 
added to a solution of 9, 9 '-bif luorenyl (3.30 g, 0.01 mol) in 
dry THF (50 ml) kept under the same conditions as employed for 
the reduction of 9-bromof luorene. The starting hydrocarbon was 
recovered unchanged quantitatively on working up the reaction 
mixture in the usual manner after 35 min. 

05 

Preparation of AlH^' 

In a three-necked RB flask mounted over a magnetic stirr- 
ing base was kept LAH (0.300 g, 0.0075 mol) and AlCl^ (0.345 g# 
/^0.0025 mol) in 50 ml of dry THF. The system was flushed with 
nitrogen and the contents of the flask allowed to stir for 
60 min. 

Reaction of 9-Bromofluorene with AlK^ 

The flask containing AlH^ (0.01 mol) in 50 ml of dry THF 
was kept at ice-bath terrperature under nitrogen atmosphere and 



98 


9-bromofluorene (2.45 g, 0.01 mol) dissolved in 50 ml of dry 
THF was added to it. The mixture was stirred for 35 min before 
working up as usual. The starting halide was recovered unchanged 
quantitatively after extraction with ether and isolation of the 
products . 

Reaction of 9— Bromofluorene with AlH^ in Presence of Sodium 
Naphthalene 

Sodium naphthalene^^ (0.0025 mol) in 15 ml of dry THF and 

55 

aluminium hydride (0,0075 mol) in 35 ml of dry THF were 
prepared in two separate flasks, A solution of 9--bromofluorene 
(2.45 g, 0.01 mol) in dry THF (50 ml) was added to the flask 
containing aluminium hydride kept at ice-bath temperature. 

Sodium naphthalene solution was then added to it. The green 
color of sodium n^hthalene disappeared immediately and the 
reaction was allowed to proceed for 35 min, under stirring in 
N^ atmosphere. The reaction mixture was worked up with acidi- 
fied water as usual amd the products extracted with ether. 
Separation of the products on a silica-gel column gave fluorene 
(O. 183g» 11%) / 9-bromofluorene (1.06 g„~^4Q%) and 9/9'-bifluo- 
renyl (0.66 g, ,^40%). 

Reaction of LAH with Z-2-Chlorostilbene 

(a) LAH to _^2-chlorostilbene molar ratio -0.625:1; Reaction 
time - 12 hr 

In a three-necked flask mounted over a magnetic stirring 
base and connected to a nitrogen cylinder through a purifier 
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and a mercury trap was placed a solution of Z-2-chlorostilbene 
(2.15 g, 0.01 mol) in dry THF (50 ml). Pure and dry nitrogen 
was passed through the solution for 10 min, LAH (0,248 g, 

0.00625 mol) contained in dry THF (lOO ml) was then added to 
the solution. The reaction commenced with the evolution of 
hydrogen and was allowed to proceed for 12 hr under stirring. 

Total volume of hydrogen gas evolved (after accounting for the 
gas evolved in a control ej^eriment) was 20 ml. Reaction was 
worked up after slowly adding water to it. The products were 
extracted with ether, dried over MgSO^ (anh.) and the solvent 
removed. The product mixture so obtained was chromatographed 
over activated silica-gel using petroleum ether (b.p. 60-66®) 
as eluant. Thus, Z-stilbene (0.29 g,x~'l6%) and phenanthrene 
(0.588 gt^33%j m.p, 100®, lit, 100®C). The products were identi- 
fied by mixed melting point method as well as comparison of their 
IR spectra with those of the authentic samples. 

(b) LAPi to Z-2-chlorostilbene molar ratio - 1, 25; 1; Reaction 
time - 12 hr 

To a solution of Z;-2-chlorostilbene (2.15 g, 0.01 mol) in 
THF (50 ml) under N 2 atmosphere was added LAH (0,48 g, 0.0125 mol) 
contained in dry THF (lOO ml) and the reaction allowed to proceed 
for 12 hr. Hydrogen gas (32 ml) was evolved. Reaction was worked 
up by slow addition of water followed by extraction with ether. 
Separation of products using activated silica-gel column and 
petroleum ether (b.p, 60-66®) as eluant yielded Z-stilbene 
( 0,54 g,/^30%) and phenanthrene (l. 16 g,/-'65%) . 
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(c) LAH to Z-2-chlorostllbe ne molar ratio - 1. 25 ;1 ; Reaction 
time - 24 hr 

The above reaction was repeated for 24 hr under exactly 
similar conditions. Hydrogen gas (32 ml) was evolved. The 
products were separated by the same method as mentioned above. 
Thus/ Z-stilbene (0.52 g,/^29%) and phenanthrene (1.175 g, 

{r^ 66%)vrere obtained. 

(d) LAH to Z- 2-chlorostilbene molar ratio -2.5:1; Reaction 
time - 12 hr 

Reduction was carried out by adding LAH (0.95 g, 0.025 mol) 
contained in dry THF (lOO ml) to a solution of Z-2-chlorostil- 
bene(2'. 15 g/0.01 mol) in dry THF (50 ml) under atxiosphere. 
Reaction was allowed to proceed for 12 hr when H^ (38 ml) was 
evolved. Reaction was worked up in the usual manner. Separation 
of products on activated silica-gel colxomn using petroleum ether 
(b.p. 60-66°) as eluant gave a mixture of Z- and E-stilbenes 
(0.54 g, 30%) and phenanthrene (1.175 g,/^ 66%). The yields 
of ^ and E-stilbenes were determined by GLC using 10 ft. long 
silicone rubber SE-30 column and found to be Z-stilbene, 0.45 g 
(-^^ 25%) and E-stilbene, 0.09 g (■^5%). 

(e) LAH t o Z- 2-chlorostilbene molar ratio -2^5:1; Reaction 
time - 24 hr 

The above reaction was repeated for 24 hr under otherwise 
similar conditions. H^ (40 ml) was evolved. The products were 
analysed by the method detailed above. Thus, Z-stilbene (0.36 g, 
20%) , E-stilbene (0.145 g,/~'8%) and phenanthrene (1.210 g, 

68%) were obtained. 
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(f) LAH to Z-2~chlorostllbene molar ra-blo -4;1; Reaction 
-time - 24 hr 

When -the reaction -was repea-ted under same condi-tions using 
LAH (l,52 q, 0.04 mol) con-tained in dry IHF and a solution of 
Z- 2-chlorostilbene (2.15 q, 0,01 mol) in dry THF for a period of 
24 hr, hydrogen gas (62 ml) was evol-T-ed. The products were 
analysed by the usual method. Thus, Z— stilbene (0«09 g,'-~-^5%)/ 
E-stilbene (0.396 q,/-^ 22%) and phenanthrene (1.210 g,/---'68%) 
were obtained. 

Reaction of LAH with Z-2-Chlorostilbene in the Presence of an 
Excess of Cyclohexene; Reaction time - 12 hr 

In a three-necked flask moxinted over a magnetic stirring 
base was placed Z— 2— chlorostilbene (2.15 g, 0.01 mol) in dry 
THE (50 ml) and cyclohexene (12.3 g, 0.15 mol). The system was 
flushed with dry nitrogen and LAH (0.95 g, 0*025 mol), contained 
in 100 ml of dry THF was added to the flask. Reaction was 
allowed to proceed for 12 hr. Hydrogen gas (48 ml) was evolved. 
On work up and product analysis in the usual way, the products 
were found to be Z-stilbene (0.936 g,/-’52%), E-stilbene (0.216 g, 
-^12%) and phenanthrene (0.57 q,r-^22%) . 

Reaction of LAH with Z-2-Chloro stilbene in the Presence of an 
Excess of Cumene ? R eaction -time — 12 hr 

The above reaction was repeated using cumene (18 g, 0.15 
mol) instead of cyclohexene under otheIn^^lse similar conditions. 
Hydrogen gas (46 ml) was evolved. ^S-tilbene (0.9 g,/-'50%), 
E-stilbene (0.16 g,^9%) and phenanthrene (0.66 g, 37%) were 
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found by the usual method to be present in the mixture of 
products. 

Reaction of LAD with Z-2-Chlorostilbene; Reaction time - 24 hr 

Reduction was carried out using ^2-chlorostilbene (2.15 g, 
0.01 mol) in dry THF (50 ml), and LAD (0.5 g, 0.0125 mol) 
contained in 100 ml of dry THF. Reaction which started with 
gas evolution was allowed to proceed for 24 hr when it was 
worked up by adding water followed by dil, HCl. The products were 
extracted I'd.th ether, the ether extract washed with water and 
dried over MgSO^ (anhydrous). The solvent was distilled off. 
Analysis of product mixture by the method described above in 
the reactions of LAH gave phenanthrene (1.15 g,-v65%) and 
^stilbene (0.5 g,r^28%). NMR spectrum of Z-stilbene obtained 
in this ej^eriment indicated that approximately 85% of the 
hydrocarbon was mono deu ter ated. 

Reaction of LAH with ^Stilbene 
(a) LAH to Z-stilbene molar ratio -1:2 

In a three-necked RB flask mounted over a magnetic stir- 
ring base and connected to a gas cylinder through a purifier, 
a mercury trap and a stopper, was placed Z-stilbene (1.8 g, 

0,01 mol) in dry THF (50 ml), gas was passed through the 

solution for 10 min. LAH (0.19 g, 0.005 mol) contained in 
200 ml of dry THF was added to it. The reaction which occurred 
with gas evolution was allowed to proceed for 24 hr. After 
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this period/ water was added to the reaction mixture followed 
by dil. HCl. The reaction mixture was extracted with ether/ 
extract washed with water and dried over MgSO^ (anhyd. ). The 
solvent was then removed by distillation. Analysis by quanti- 
tative UV spectroscopy using methanol as solvent and VPC on a 
10 ft. silicone rubber GE-30 column following calibration 
method established the presence of Z-stilbene (0,9 g, -^^50%) 
and E-stilbene (0.9 g//v^ 50%) in the product mixture. 

(b) LAH to Z-stilbene molar ratio - 1: 1 

The above reaction was repeated using ^stilbene (1.8 g/ 
0.01 mol) and LAH (0.38 g, 0.01 mol) under otherwise similar 
conditions. Product distribution was determined by VPC using 
the same column when ^stilbene (0.81 g/,'^45%) and E-stilbene 
(0,99 g/A'55%) were indicated. 

(c) LAH to Z-stilbene molar ratio -2:1 

This reaction with new molar ratio of the reactants 
(using 1.8 g, 0.01 mol of Z-stilbene) was conducted along the 
same lines as described above. After work-up and analysis by 
VPC using 10 ft. silicone rubber SE-30 column, the product 
mixture was found to contain Z-stilbene (0.36 g,y^20%) and 
E-stilbene (1.44 g,^/80%). 

(d) LAH to Z-stllbene molar ratio- 5; 1 

The reaction of Z-stilbene (l,8 g, 0.01 mol) with five 
times the molar quantity of LAH was conducted in the same way 
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as the above experiments. After stirring for 24 hr, the mixture 
was extracted with ether and products analysed by VPC as usual. 
Thus, presence of ^stilbene (0.126 q,r^l°A and E^-stilbene 
(1.674 g, /^93%) in the product mixture was established. 

(e) LAH to ^stilben e molar ratio - 10: 1 

The above reaction was conducted using Z— stilbene (1.8 g, 
0.01 mol) and ten times the molar quantity of LAH under otherwise 
same conditions for 24 hr. The product mixture, on analysis, 
in the usual way, was found to contain Z-stilbene (0.072 g, / '4%) 
and E~stilbene (1.728 g,/^96%). 
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CHAPTER III 


ELECTRON TRANSFER IN THE DITHIONITE 
REDUCTIONS OF BENZYLIC HALIDES 


III. 1 Abstxacb 

Reactions of 4--nitrobenzyl bromide, R-bromofluorene, 
benzhydryl chloride and 9-chloromethylanthracene with sodium 
dithionite were studied in dry dimethylformamide (DMF) at 
reflux temperature (iSS-ieO") in an atmosphere of nitrogen in 
order to elucidate the reaction path. Sulfur dioxide gas 
evolution took place in all these reactions. Each halide - 
(Ar-CH-X) gave the dimeric product Ar-CH-CH-Ar. While 4-nitro- 
benzyl bromide/ 9-bromofluorene and 9-chloromethylanthracene 
also gave the corresponding dehalo gen ati on product (Ar-pH^) / 
benzhydryl chloride yielded fluorene. Olefinic dimers (Ar-C=C-Ar) 
were also obtained in the cases of the former two halides and 
perhaps with 9-chloromethylanthracene. A sulfone, Ar-CH-S02-CH-Ar/ 
was isolated among the products of the reaction of 4-nitrobenzyl- 

bromide. A mechanism initiated by transfer of an electron from 

« 

the sulfur* clioxidB ra-dicsil— snion ^^^2 ^ the h slide in which 
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the benzylic radicals Intervene has been proposed. We found 
that the sulfone is formed via coupling between a benzylic 
radical and the sulfinate anion and also that carbanions are 


involved in the formation of the dehalogenation products 

(Ar-CH„) as well as the olefinic dimers (Ar-C=C-Ar). Dimers 
j 2 t t 

(Ar-CH-CH-Ar) are produced as a result of radical coupling. 

+ t 

Benzhydryl radicals cyclize to give fluorene. 


III. 2 Introduction 

Sodium dithionite/ Na2S20^/ is a powerful reducing agent. 

Besides being a useful laboratory reagent, it is also widely 

used in industry. The reagent is relatively inexpensive and 

1/2 

conveniently enployed for reductions in agueous media -■ 
often in the presence of an excess of sodium bicarbonate in 
order to keep the reaction mixture basic - or in combination with 
organic solvents like dimethylformamid'._ (DMF) , methanol, ethanol, 
dioxane etc. Because of its tendency to reduce oxygen efficiently 
at room temperature, it is used as a reagent in the purification 
of nitrogen gas. The chemical reaction is outlined in Eg. (l) • 

^2 ^2° ^ NaHSO^ + NaHSO^ .. (l) 


Kinetic studies^"*^ have indicated that the dithionite 
reduction of oxygen takes place by a two-step process (Scheme 


III. l) : 


SCHEME III.l 


^ 2 ^ 4 ' 


2 SO, 


2 SO2 + O2 


Products 
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SodiTJin dithionite also reduces hydrogen peroxide and the hydro- 
peroxide anion (HO 2 ”).^ 

In organic chemistry/ sodium dithionite has been used to 
reduce a variety of functional groups. For example/ it reduces 
benzil to benzoin and carbonyl compounds to the corresponding 
monohydric alcohols. Carboxylic acids and amides are not 
reduced by this reagent whereas esters and nitriles are hydro- 
lysed. Thus/ on treatment of methyl benzoate with sodium 
dithionite/ benzoic acid (84%) was obtained. The reduction 
of levulinic acid (l) as shown in Eg. (2) provides an example 
of a selective transformation to the lactone (ll) j 



Here, dithionite appears to preferentially reduce the 
carbonyl group situated adjacent to the methyl group, to mono- 
hydric alcohol which undergoes intramolecular dehydration 
yielding the lactone (ll) . Reduction of the carbonyl group 
can ta}ce place by either of the pathways shown in Schemes HI. 2 
and III.3J Intermediate (iv) is a sulfinate anion. Since 
experimental data are not available, none of the possibilities 
outlined above can be ruled out. Recently, de Vries and 
Kellogg have also suggested the latter possibility. 
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SCHEME III. 2 
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8 

Pyridinium and guinolinium salts are reduced by sodium 
dithionite to piperidines and tetrahydroquinolines, respectively, 
as indicated in Eqs. (3-5) : 



R = -COPh -H 

/ 


MeOH/H^O 




G N-CH-CHPh 

' i i 

R OH 


(3) 


^N+-CH,Ph 

x" 


MeOH/H^O 




o -CH^Ph 


(4) 



^^2®2°4 


W _ 

I X 

CH2PI1 


DMF/H^O 



(5) 


O 

The steps postulated for the above mentioned reactions are 
shown in Scheme III. 4: 


1 


CH2Ph 


SCHEME III. 4 
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This stepwise reduction is presumably initiated by the addition 
of an electron from SO^ to the pyridinium cation. The radical 

thus formed either accepts another electron from a second SO 2 * 

» 

species or undergoes radical coupling with SO 2 followed by 
loss of SO 2 yielding in both cases, an anion which on protona- 
tion gives the dihydro cortpound (see Scheme III. 3). 

2 9 

Dithionite reduction of viologens ^ involves two distinct 
one-electron reduction steps as shown in Eq. (6). The first 
step produces a deep violet radical- cation (v) and the second 

R 

» 

0 

6 

1 

R 

R =-CH 2 Ph, -Me 

reduction step forms a neutral, red 1 , 1 '-dialRyl— l,l,4/4'— tetra— 
hydro-4, 4 ' -bipyridyl. 

Sodium dithionite brings about deoxygenation of aromatic 
N-oxides.”^ The yield of the reduction products vary with the 
quantity of the reagent used. Optimum yield was obtained with 
4:1 molar ratio of dithionite to the N-oxide. The mechanism 
of this reaction is believed to be that outlined in Scheme III. 5 




SCHEME III. 5 



The first step of this mechanism is the nucleophilic 
attack by dithionite at position 2 (or 3) of the 1/ 4-dioxide. 

The resulting intermediate is postulated to lose SO 2 giving 
the sulfinate anion (VT) which undergoes decomposition in a 
manner analogous to the- decarboxylation of ^ -hydroxycarboxylate 
anions^ yielding the mono-oxide (VIl) . Repetition of the same 
sequence of bond formation and bond cleavage processes on (VIl) 
gives rise to the completely deoxygen ated product (VIIl) . 


Affinity of the dithionite for nucleophilic attack at 
electrophilic centre or electron donation to acceptor substrates 
is also indicated by the ease with which it reduces benzil to 
benzoin (Scheme III, 6) under conditions similar to those used 


SCHEME III. 6 
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The reduction of quinones to hydro qui nones by dithionite^*^ 
spears to be closely related to the above mentioned reactions. 
In our view, however the formation of intermediate sulfinate 
anions (Vl) and (ix) in Schemes III. 5 and III, 6, respectively#, 
can also be visualized to be taking place through single 
electron transfer from SO 2 to the substrate. Tor example# 
sulfinate anion intermediate (IX) might arise by electron 
transfer followed by protonation and radical coupling reactions 
outlined in Scheme III, 7: 


SCHEME III. 7 
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The potential of alcohol dehydrogenases for effective 
stereospecific and selective oxidation-reduction reactions as 
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1 1 

applied to biological systems has been exploited to a limited 
extent in preparative organic chemistry/ presumably because the 
req^iired coenzymes are highly ejpiensive. But, chemical recycl- 
ing of the coenzyme could be an attractive possibility. In 
this connection it has been observed that sodium dithionite is 
very effective in the quantitative, 1,4-reduction of NAD to NADH 
while full enzymic activity is retained. Although intermediates 
(X) and (Xl) have been isolated^^' during the reduction of 



pyridinium compounds with dithionite, elimination to fully 
aromatic products in the cases under consideration occurs much 
too rapidly to permit isolation of an analogous inteimediate 
presumed to be involved here. 


The tendency of a halogen in oC -haloketones to undergo 
nucleophilic displacement by pyridine, coupled with the observa- 
tion concerning facile reduction of pyridinium salts by dithio- 
nite to 1, 4- dihydropyridine derivatives has led to the deve lop- 

14 

ment of a new procedure for dehalogen ation as shown in 
Scheme III. 8: 


SCHEME III. 8 



X 



liy 

Not only can sodium dithionite remove the N-oxide function 
but also reduce the unsaturated bonds simultaneously as exenpli- 
fied by the reduction of a cyclic triazine-N-oxide'*' (Eq. 7) : 


O" 
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Evans and Brovm have reported the concurrent reduction 
of a nitro group and N-oxide function in the case of 4-nitro- 
2/ 6-lutidine- 1-oxide (Eq. 8); 



The alkylation of sodixm dithionite may result in the 
formation of S- alkylated and 0- alkylated products owing to its 
ambident nature. Whereas powerful alkylating agent triethyl- 
oxonium fluoborate (Et^O ) attacks oxygen atoms (Eq. 9) / 

weaker alkylating agents like alkyl iodides and trimethyl- 

17 

sulfoxonium iodide (Me^S*^ Ol" ) attack only the sulfur atoms 
as shown in Eqs. (lO-ll) j 

0 

Et^O*" BF^“ + Na2S20^ — ^ Et-S-OEt . . (9) 

0 

RI + Na 2 S 204 — ^ R-S-R + RSO^ Na"*’ .. (lO) 

0 


(R =Me, Et) 
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Me3S 01 + Na2S20^ 


0 

11 

Me- S-Me 
H 
0 


.. ( 11 ) 


The plausible mechanisms suggested for 0- and S- alkylation are 
outlined in Schemes III, 9 and 111.10/ respectively. 


SCHEME III, 9 



Et S-OEt 


It 

0 


SCHEME III. 10 



(XIII) 


The intermediate alkane sulfonyl sulfinate (XII) is believed 
to undergo homolytic dissociation followed by radical coupling 
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to give another intermediate (xill) in a manner analogous to 
the one reported earlier by Kice and coworlcers^^ for the 
rearrangement of aryl sulfinic acids to aryl sulfonic acids 
and diaryl sulfinyl sulfones as outlined in Scheme III. 11. 


2 ArS02H 


0 

II 

Ar-S-S-Ar 
II t{ 

0 0 


SCHEME III. 11 
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Based on the radical mechanism (Scheme III. 11) proposed 
by Kice and coworkers and the fact that dithionite exists in 
equilibrium with the sulfur dioxide ra>— Leal anion (SO^ ) * 
we believe that 0- alkylation which has been postulated to be 
taking place through purely nucleophilic displaconent or a 
four centred cyclic transition state (Scheme III.9)/ can also 
be ej^lained through radical intermediates as shown in 
Scheme III. 12. 


Sodium dithionite has been found to be an effective 

20 

debrominating agent for 1,2- dibromides in refluxing DMF 

(Eq. 12) : 


DMF 




PhCH=CHPh 


PhCH(Br) CH (Br)Ph 


. . ( 12 ) 
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SCHEME 111,12 
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The possibility of a nucleophilic attack by the SO^* species 

on an intermediate carbocation derived from the vicinal 

dibromide or alternatively, a single electron transfer process 

20 

has been indicatod by the authors. 

Dithionite reduction of tropylium cation at room tempera- 

2 1 

ture gives quantitative yield of ditropyl (Eq, 13); but when 



the reductive coupling on a cyclopropeniira salt was attempted, 
the product was dicyclopropenyl sulfone as shown in Eq, Cl4) : 
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+ Ha.S.O. 
Ph-*^ 224 


+ 2 SO 2 + 2 NaX 

Ph"^ 

R R^'-Ph , . 

^ .. (14) 

R =Ph/ H . 


(XV) 


Whereas the former reaction is dLmerisation of tropenyl 
(cycloheptatrienyl) radicals the latter presumably involves 
either an ion association or a combination of cyclop ropenyl 
radical with a SO 2 to yield the sulfinate anion which attacks 
another unit of cyclopropenium cation or transfers an electron 
to the latter followed by radical coupling yielding the sulfone 
(Scheme III. 13): 

SCHEME III. 13 
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Path (a) = Nucleophilic attack followed by loss of SO 2 . 
Path (b) = Electron transfer and radical coupling. 


Benzyl bromide on being heated with dithionite in EMF 

2 2 

at 110*/ yielded 17% of dibenzyl sulfone as shown in Eg. 15: 


2 PhCH2Br + Na2S204 


DMF ^ 
110 * 


PhCH 2 S 02 CH 2 Ph + SO 2 + 2 NaBr 


(15) 
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The reaction presiamably involves a mecbanism analogous to the 
one outlined in Scheme III. 13. 

23 

Kolher and Waters have observed that parasubstituted 
nitrobenzenes/ on treatment with aqueous dithionite, yield 
radical-anions having sufficiently long life-time for investi- 
gation by ESR method. Many of the spectra show an ESR signal 
attributed to the radical-anion of sulfur dioxide (SO 2 ) . Such 
a radical- anion/ derived from dithionite, must clearly act as 
a single electron reducing agent (Eq. 16) i 

+ SO^* + SO^ .. (16) 

The radical- anion of sulfur dioxide so produced in the medium 
may also act as a source of electron. 

The reduction of a variety of carbonyl compounds^' 

with dithionite gives monohydric alcohols. The kinetics of 

24 

the reduction by dithionite of biochemically interesting 
substances like ferri cytochrome C and lumiflavin 3- acetate etc. 
indicate the involvement of radical-anion intermediates. 

Despite the fact that sodium dithionite is readily 
available and easy to handle, one is struck at the sparseness 
of reports concerning its chemistry. In view of the possible 
mechanistic variations in the reactions of dithionite ion 
discussed above, we decided to study the mode of its action 
on a few benzylic halides the reactions of which with some 
other reducing agents are rather well understood. 
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III* 3 Results . and Discussion 

It is known^ that the dithionite anion (XVl) has a S-S 
bond length of 2.39 ^ which is larger than the distance found 
in typical disulfides and polysulfides. The dianion is 


0 /O 

s~* 

C)-^ o 

(XVI) 


non-planaTj. the angle between the planes of SO^ groups being 

30**/ and the order of the S-S bond corresponds to a (Pauling) 

bond— order of only about one-third. Due to this weak bond# 

it has a tendency towards dissociating into two units of sulfur 

dioxide radical-anion (SO„ ) . The existence of S0„ species/ 

2 _ ^ ^19 

in solid and solution phases/ has been confirmed by ESR studies. 

While dithionite anion should be capable of initiating a nucleo- 
philic attack at electrophilic centres under various conditions/ 
at higher teirperatures its reactions are known to yield radical- 
anions/ protonated radicals or anions as intermediates. 

po examine the behavior of dithionite towards 
benzylic halides/ we carried out reactions of 4-nitrobenzyl 
bromide/ 9 -bromofluorene/ benzhydryl chloride and 9-chloro- 
methylanthracene vriLth sodium dithionite in dry dimethyl— 
formamide (DMF) at 155-160»C (refluxing) Tinder an atmosphere 
of nitrogen. In all the four cases, reactions started with 
fast evolution of SO^ gas (tested by passing into K^Cr^O^ 
solution) , while SO^ evolution was negligible after a period 
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of 10 min, with 9 — bromofluorene/ benzhydryl chloride and 
9 - chi orome thy 1 anthracene, slow gas evolution continued upto 
ca. 35 min. in the case of 4-nitrobenzyl bromide. In all cases, 
the reaction mixtures were cooled to room temperature after one 
hour and then worked up by adding water acidified with hydro- 
chloric acid. 

On product analysis, each benzylic halide - Ar-CH-X, was 
found to have yielded a dimer - Ar-CH-CH-Ar (cf. compounds XVTI, 
XVIII, XIX and XX) as the major proc^ct. In addition. 



dehalogenated products, Ar-CH„ (i.e., XXI, XXII and XXIIl) 

I ^ 

were obtained in low yields with 4-nitrobenzyl bromide. 



(XXI) (XXII) (XXIII) 


9-bromofluorene and 9-chloromethylanthracene, Benzhydryl 
chloride, instead of giving diphenylme thane, yielded a small 
amount (3%) of fluorene (XXIl) . The other products identified 



in these reactions were 4, 4 '-dinitrostilbene (XXIV) and di-(4-- 
nitrobenzyl) sulfone (XXV) in the case of p-nitrobenzyl bromide; 


(XXIV) 



(XXV) 


and bifluorenylidene (XXVl) in the case of 9—bromofl'UOrene. 

A compound presumably, 1, 2-di-( 9- an thryl) -ethylene (XXVII) , 
observed on tic plate could not be isolated (being in very low 
yield) in the reaction involving 9-chloromethylanthracene, 



These results are summarised in Table III. 1. 

We recall here that in its reactions, the dithionite 

anion can act as a nucleophile or an electron donor reagent. 

While acting as a nucleophilic reagent, it may undergo 0- alky- 

17 

lation with powerful alkylating agents. v^hereas the total 
absence of any 0-alkylation products in our reactions is 
indicative of non-existence of pov^erful alkylating agents like 
carbocatLons - Ar-CH, the formation of di- (4-nitrobenzyl)- 
sulfone (XXV) in the reaction of at least one halide viz. 
4-nitrobenzyl bromide demonstrates S-alkylation. 
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Table III. 1. 


Tvoactions of Benzylic Halides/ Ar-CH-X (0,01 mol) 
with Sodium Dithionite in DMF at 155-160® for 
one hr. 


Reaction 

Halide 

Molar 

ratio 

Products 

% Yield 


No. 

Halide/ 

“V2°4 

A 

B 

C 

D 

1 

4-Ni troben zyl 
bromide 

1: 1.5 

25 

14 

6 

52 

2 

4-Ni troben zyl 
bromide 

1:0.5 

33 

7 

3 

43 

3 

9-Bromo- 

fluorene 

1: 1.5 

73 

12 

6 

- 

4 

9-Bromo- 

fluorene 

1:0.5 

80 

8 

3 

- 

5 

Benzhydryl 

chloride^ 

1:1.5 

81 

- 

- 

- 

6 

9-Chlorome- 
thyl anthra- 
cene 

1: 1.5 

78 

5 

trace^ 


A =Ar- 

-CH-CH-Ar; B = 

1 1 

Ar-CH ; 

1 2 

C = Ar-C=C- 
1 ! 

•Ar; 




D = Ar-CH-SO„-CH-Ar . 

I 2 I 

a, SO 2 gas was evolved in all the reactions. 

b, Reactions of the halides also indicated the presence of 
the corresponding aldehydes and alcohols in yields varying 
between 1-3% as in the blank ej^eriment. 

c, Fluorene (3%) was obtained as an additional product. 

d, TLC showed a spot corresponding to 1, 2-di- (9-anthryl) - 
ethylene which could not be separated. 
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One of the conceivable pathways "^or S- alkylation leading 

to the formation of a sulfinate anion involves nucleophilic 

”1 ^ 

attack by the dithionite anion. In this mechanistic route/ 
summarised in Scheme III, 14 one would e 3 g>ect the formation of 


\ P. 

ys — sz- — ' 
0-^ ^0 


RSO. 




Base 


Sulfonate 

anion 


-V 

Ar-CH-X 
i 


SCHEME III. 14 
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Ij 


Ar-CH~S-S-0 
\ II H 



Sulfinate anion 


17 

a sulfonate anion along with the sulfinate anion in the 
reactions of all the four benzylic halides. The sulfinate 

anion in turn would readily react with ohe starting halide to 

27 

yield a sulfone (Eq. 17) : 


Ar-CH-S-0 

I 8 


+ 


Ar-CH-X 

\ 




0 

It 

Ar-CH-S-CH-Ar 
' ' 


(17) 


Although/ the sulfone (XXVIIl) ejqjected to form in the 
reaction of 9- chi oromethyl anthracene appears to be unknown in 



(XXVIIl) 


(XXIX) 


(XXX) 
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the literature/ the sulfones (XXXIX) and (XXX) ej^sected 
in the reactions of 9-bromofluorene and benzhydryl chloride, 
respectively are stable confounds under our reaction conditions 
as the sulfone (XXV) obtained by us in the reaction of 4-nitro- 
benzyl bromide proved to be. The fact that no sulfonic acids 
are obtained in any of the reactions and also that the sul fones 
(XXVIII)/ (XXIX) and (XXX) are not formed in the respective 
reactions indicates that the nucleophilic attack route (Scheme 
III. 14) is not applicable to the reactions under study. This 
view is further supported by the fact that the undissociated 
dithionite anion is incapable of existence under our reaction 
conditions owing to its fragmentation into sulfur dioxide 
radical— anions. Indeed, the dithionite anion even when availa- 
ble for reaction is found to be too weak a nucleophile for 
direct Sj^2 attack. It is obvious that sulfinate anions are 
not important in the reactions of 9-br- mofluorene, benzhydryl 
chloride and 9 -chloromethyl anthracene. Clearly, the sulfinate 
anion intermediate necessary for the formation of the sulfone 
(XXV) in the reaction of 4-nitrobenzyl bromide must have been 
produced by an alternative path which is not available in the 
reactions of the other three benzylic halides. We suggest that 
the electron transfer-radical combination route outlined in 
Scheme III. 15 satisfactorily accounts for the formation of the 
sulfinate anion (leading to sulfone— XXV) . 

As the dithionite anion exists in equilibrium with the 
sulfur dioxide radical-anion (SO 2 ) even at room terrperature. 
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SCHEME III. 15 





\ 
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155-160^ ^ 
(cf.ref . 19) 


2 SO^* 




it is most likely that iinder elevated tenperatare conditions 

« 

enployed by us/ the reagent largely exists as SO^ . This 
radical- anion reduces 4-nitrobenzyl bromide generating SO^ gas 
and 4-nitrobenzyl radicals. These resonance stabilized radicals 
carrying an electron attracting nitro group associate with the 
electron rich sulfur dioxide radical- anions uhrough -TT" -inter- 
action (see formulation - XXXI) giving ultimately, the 4-nitro- 
benzyl sul fin ate anion. The 'tV- comp lex formation with electron 
deficient pyridinium corrpounds has been suggested earlier also 
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by Kosower and Bauer during their studies on dithionite 
reductions. Owing to the absence of an electron withdrawing 
group in the 9-fluorenYl, benzhydryl and 9-anthrylmethyl 
radicals produced from the corresponding halides as shown in 
Eq. (18), 


- -SO, 


Ar-CH-X + SO, 
\ 


Ar-CH-X 

t 


-X 


> Ar-CH 


(18) 


the. « I- interaction of the type discussed above does not take 

place in these cases. Consequently, the sulfinates which could 

have yielded sulfones in these reactions are not formed. In 

this situation, the available sulfur dioxide radical- anions 

(left after reaction of Eq. 18) may reduce a part of the 

3 3 

radicals to the corresponding carbanions (Eq. 19) . 


Ar-CH + SO,,* > Ar-CH + S0« .. (19) 

,2 I z 

While 4-nitrobenzyl, 9-fluorenyl and 9-anthrylmethyl radicals 
are known to get readily reduced to carbanions by single 
g2.ectron transfer process, benzhydryl radical does not accept an 
electron^^ presumably due to the instability of the incipient 
benzhydryl carbanion. In the present study, the 4-nitrobenzyl 
carbanions might also arise from the deconposition of a portion 
of the corresponding sulfinate anion (Eq. 20) : 


OjN. 




■SO, 


w 

0 


■> 


02N. 




.. ( 20 ) 



The benzylic carbanions viz./ 4-nitrobenzyl/ 9 -fluorenyl 
and 9-anthrylmethyl carbanions obtained in the manner described 
above mainly get oxidized^^ to the radicals in presence of 
electron acceptors such as benzylic halides (Eq. 21) 7 but 


Ar-CH 


+ Ar-CH-X 
) 




Ar-CH- X 

I 


+ Ar-CH 
i 


.. ( 21 ) 


occasionally abstract protons from the benzyl positions of the 
starting halides ultimately giving the corresponding dehalogena- 
tion products i.e. (XXI) , (XXIl) and (XXIIl) along with the 
olefinic dimers - (XXIV) / (XXVI) and (XXVIl) , respectively as 
shown in Scheme III. 16: 


SCHEME III. 16 
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Our results on the reactions of 4-nitrobenzyl bromide and 
9 -bromofluorene each with two different molar concentrations 
of the dithionite anion also support the above view point. 

Thus/ the reactions ( 2 ) and (4) carried out with lower concen- 
trations of the reducing agent coirpared to reactions (l) and (3) / 





SCHEME III. 17 
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It should be noted in this connection that the reaction (l) 
of Table III.l enploying an excess of the reducing agent (i.e./ 
SO 2 ) depletes the concentration of the starting halide faster 
as compared to the same process in reaction ( 2 ) of Table III.l. 

A nucleophilic displacement process (as of Scheme III. 17) requir- 
ing the use of the initial halide -would give sulfone (XXV) in 
lower yield in reaction (l) than in reaction ( 2 ) . But/ in 
orcjtuai i/j. ox^ti-oo t-cvciso io Lo bo true. Henoo the nucleo- 

philic displacement process is ruled out of consideration. 

An attractive pathway for sulfone formation/ which in our 
opinion e 3 q)lains all the observations is the electron -transfer 
free radical process outlined in Scheme III. 18. 
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Coupling of the sulfinate anions with carbon radicals to form 
the corresponding sulphone radical- anions has been previously 
described by Kornblum and his coworkers. The process of 
Scheme III. 18 would continue giving sulfone (XXV) as long as 
the sulfinate anion and i-nitrobenzyl radicals are present and 
at the same time/ the extra electron from the sulfone radical- 
anion is accepted by an electron acceptor. In the absence of 
4— nitrobenzyl bromide/ the solvent would accept the extra 
electron. 


III. 4 Exp erimen tal 

All the melting points were recorded using a MEL- TEMP 
melting point apparatus and are uncorrected. Infrared spectra 
were recorded on Perkin-Elmer models- 137 and 580 spectrophoto- 
meters. Known compounds were characterised by comparison of 
their IR spectra and TLC with those of authentic samples, the 
technique of mixed melting point/ and by elemental analysis. 
Literature melting points are taken from the "Hand book of 
Chemistry and Physics" , 50th edition/ R.C. VJeast (Ed.) 
published by the Chemical Rubber Company, Cleaveland, Ohio, 
unless otherwise specified. Column chromatography was done 
over activated silica-gel (100-200 M) . Silica-gel (asc-India) 
was used for TLC analyses. 
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Starting Materi g 

Dimethyl fontiamide (SDS) was used in all the reactions 

after drying as described below. Sodium dithionite (Thomas 

Baker & Go.) was used. Silica-gel (Acme's) of 100-200 Mesh 

size was used for Coltamn chromatography. 4-Nitrobenzyl bromide? 

9-bromofluorene/ benzhydryl chloride^° and 9-chloromethyl- 
4 1 

anthracene were prepared by known procedures. 

— Dsaeratedj dry N,N— Dimethyl formamide 

Dimethyl formamide was kept over calcium choride for 
twenty four hours after which it was decanted into a one litre 
RB flask. It was distilled at atmospheric pressure and the 
fraction distilling over a temperature range of 15 2-154''C was 
collected. DMF was deaerated by passing pure and dry nitrogen 
continuously for half an hour into the solvent contained in a 
one litre RB flask mounted over magnetic stirrer base. 

General Method for the Reduction of Benzylic Halides 

In a 100 ml three-necked round- bottomed flask, mounted 
over a magnetic stirring base fitted with a device to pass pure, 
dry nitrogen, connected to a condenser and a mercury trap, was 
kept the organic halide (O.Ol mol) mixed with sodi\im dithio- 
nite (o.Ol5 mol or 0.005 mol) in a total of 50 ml of dry DMP. 

The flask was flushed with dry nitrogen for 10 min. Afterwards, 
the contents were heated over a temperature range of 155-160'*C 
in a pre-heated oil-bath. The heating was continued for 1 hr. 
after which the oil-bath was removed and the flask cooled to 
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room terrperature. The reaction mixture was worked up after 
adding to acidified water. The products were extracted with 
ether, the extract washed with an excess of water, 
dried over MgSO^ (anhydrous) and concentrated to give a crude 
mixture which was charged on a column of activated silica—gel 
(100-200 M) . The products were separated by eluting the column 
with petroleum ether (b.p. 60-66®), petroleum ether (b.p. 60-66*) - 
benzene and benzene as eluants. These were characterised by 
comparison of their IR spectra with those of authentic samples, 
mixed melting points and TLC. 

Reaction of 4-Nitrobenzyl bromide with Sodium Dithionite 
(a) Halide to dithionite molar ratio-1; 1,5 

In a 100 ml three-necked RB flask mounted over a magnetic 
stirring base was placed 4-nitrobenzyl bromide (2.16 g, 0,01 mol), 
sodium dithionite (2.88 g, 0,015 mol) and 50 ml of dry I3HF. The 
contents of the flask were flushed with dry nitrogen for 10 min. 
and then heated at 155-160* for one hour in a pre- heated oil- 
bath, The reaction started with evolution of sulfur dioxide 
which was tested by passing the gas into a 2 % aqueous solution 
of potassixim dichromate. The gas evolution was fast during 
the first 5 min., but slow evolution of SO^ continued upto a 
period of ca. 35 min. At the end of one hour, the oil-bath was 
removed and the reaction mixture cooled to room teirperature. 

It was worked up by adding it to acidified water and extracting 
with solvent ether. The combined ethereal extract was washed 





139 


with an excess of water, dried over MgSO^ (anhydrous) and 
concentrated to give a product mixture which was charged on a 
silica-gel column. Elution of the column with petroleum ether 
(b.p. 60-66®), petroleum ether (b.p. 60-66®) : benzene (75:25), 
petroleum ether (b.p. 60-66®) : benzene (50:50), benzene and 
methanol gave 4-nitrotoluene, m.p. 51°, lit. 52°C (0.19 g, 
xv/14%), 4,4‘-dinitrobibenzyl, m.p. 178®, lit. 178-179°C (0.34 g, 

/^25 %) , 4, 4 ' -dinitrostilbene, m.p, 290-291°, lit. 291-293®C 
(0.080 g,,vy6%) and di (4-nitrobenzyl) sulfone, m.p." 258°, 

on 

lit. 260°C (0,873 g,/v^5 254). Compounds were identified by 

comparison of IR spectra with those of authentic samples, by 
mixed m.p. technique, TLC and C, H and N analyses. 

In a separate experiment, GLC analysis of the reaction 
mixture using 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length indicated the presence of 4-nitrobenzaldehyde and 
4-nitrobenzyl alcohol each in 2% yield (estimated by the cali- 
bration method) as the additional products. 

(b) Halide to dlthionite molar ratio - 1:0.5 

The above reaction was repeated using 4-nitrobenzyl 
bromide (2.16 g, 0.01 mol), sodium dithionite (0.96 g, 0,005 mol) 
and 50 ml of dry DMF under otherwise similar conditions. Ihe 
reaction was worked up as usual after cooling to room tempera- 
ture and the picoducts extracted with ether. Chromatography 
of the product mixture on silica-gel coluimn using petroleum 
ether (b.p. 60-66®), petroleum ether (b.p. 60 - 66 ®) : benzene (75: 25), 
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petrolexam ether (b.p. 60— 66°) j benzene (50:50)/ benzene and 
methanol gave 4-nitrotoluene (0.096 4,4 '-dinitrobi- 

benzyl (0.448 g^/^/33%), 4, 4 '-dinitrostilbene (0.040 3%) and 

di- (4-nitrobenzyl) sulfone (0.722 g//v'43%). Conpounds were 
identified by comparison of their IR spectra/ mixed m,p. 
techniq[ue/ TLC and C, H and N analyses. 

In a separate experiment/ GLC analysis of the reaction 
mixture using 10% SE-30 on Crom-P (85-100 M) coltimn of 2 m length 
indicated the presence of 4-nitrobenzaldehyde and 4-nitrobenzyl- 
alcohol in 2% and 3% yields, respectively (estimated by the 
calibration method) as the additional products. 

Reaction of 4-Nitrobenzvl bromide with IMF 

The above reaction was repeated using 4-nitrobenzyl 
brcxnide (2.16 g, 0.01 mol) and 50 ml of dry DMP without the 
reducing reagent (sodium dithionite) \inder otherwise identical 
conditions. GLC analysis of the reaction mixture using 10% 

SE-30 on Crom-P (85-100 m) column of 2 m length indicated the 
presence of 4 -nitrobenzaldehyde (0.135 g,/^9%) and 4-nitro- 
benzyl alcohol (0.29 g//~'19%) by calibration method. 

Reaction of 9-Bromofluorene with Sodi-um Dithionite 
(a) Halide to dithionite molar ratio — 1: 1.5 

In a three-necked 100 ml RB flask mounted over a magnetic 
stirring base was placed 0.01 mol (2.45 g) of 9-bromof luorene and 
sodium dithionite (2.88 g, 0.015 mol). Dry DME (50 ml) was 
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added to the flask and the system flushed with pure and dry 
nitrogen. The contents of the flask were heated over a terape- 
rature range of 155- 160 °C for one hour in a pre-heated oil-bath. 
The reaction started with the evolution of sulfur dioxide which 
was tested by passing the gas into a 2% solution of potassixm 
di chromate. No evolution of sulfur dioxide was observed after 
ten minutes. After one hour period the contents of the flask 
were cooled to room temperature and the reaction mixture added 
to a beaker containing acidified water. The products were 
extracted with solvent ether, extract washed with water and 
dried over anhydrous MgSO^. The product mixture collected after 
removing the solvent showed three spots on TLC corresponding to 
fluorene, bifluorenylidene and 9, 9 '-bifluorenyl. The crude 
mixture of products was charged on an activated silica-gel 
column. Elution of the column using petroleum ether (b,p. 60-66®) 
and petrolexim ether (b.p. 60-66®) : benzene (50:50) gave fluorene, 
m.p. 116®, lit. 116-7® (0.20 q,^12%), bifluorenylidene, 
m.p. 193-195®, lit. 194-5® (0.098 g,^^ 6%) , 9, 9 '-bifluorenyl, 
m.p. 245-247'% lit. 247® (l. 20 g,r^73%), fluorenone (0.035 g, 
/v/2%) and 9-fluorenol (0.055 g,/^3%). Compounds were Identified 
by comparison of IR spectra with those of authentic samples, 
mixed m.p. technique, TLC and C, H analyses. 

(b) Halide to dithionite molar ratio -1:0.5 

The above reaction was repeated using 0.01 mol (2.45 g) of 
9-bromo fluorene and 0.005 mol (0.96 g) of sodixim dithionite in 
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50 ml of dry IMF, "The reaction was allowed to proceed for 
one hour over a teirperature range of 155-160*. The reaction 
mixture was poured into acidified water. The products were 
extracted with solvent ether/ the extract washed with water and 
dried over MgSO^ (anh,). Separation of products on a silica-gel 
column as described in the above reaction gave fluorene (0.133 g, 
^8%), bifluorenylidene (0.050 g, /\/3%) , 9, 9 '-bifluorenyl (1.32 g/ 
/v'80%)/ fluorenone (0.035 g/^2%) and 9-fluorenol (0.051 g, 

/^3 %) . The products were characterised as described in the 
previous experiment. 

Reaction of 9- Bromo fluorene with DMF 

9- Bromo fluorene (2.45 g, 0.01 mol) and 50 ml of dry DMF 
were heated in an oil-bath over a temperature range of 155-160® 
under an atmosphere of N 2 for one hour. The reaction mixture 
after work up in the usual manner gave fluorenone (0.19 g, 

and 9-fluorenol (0.31 g//Vi7%) on an activated silica-gel 
column using petroleum ether (b.p. 60-66*) -benzene (50:50) and 
benzene as eluants. 

Reaction of Benzhydryl Chloride with Sodium Dithionite 

In a 100 ml three— necked RB flask mounted over a magnetic 
stirring base» fitted with a gas passing adapter, a condenser 
and a mercury trap was placed benzhydryl chloride (2.02 g, 

0.01 mol)/ sodium dithionite (2.88 g, 0.015 mol) and dry DMF 
(50 ml) . The reaction mixture was heated over a tenperature 
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range of 155-160® for an hour as in the previous experiments. 

The reaction started with the evolution of sulfur dioxide which 
was tested by passing the gas into a 2 % solution of potassium 
dichromate. No evolution of sulfur dioxide was observed after 
ten minutes. After the one hour period of heating, the contents 
of the flask were cooled to room temperature. The reaction 
mixture was added to acidified water, the products extracted 
with ether, the extract thoroughly washed with water and dried 
over MgSO^ (anhyd. ). On concentration of the ethereal extract 
a solid (0.72 g) melting at 212®C crystallised out. This solid 
was identified as 1, 1, 2, 2-tetraphenylethane, lit. m.p. 212-213®C. 
Conplete removal of the solvent from the mother liquor gave a 
crude mixture of products which on chromatography over activated 
silica-gel column using petroleum ether (b.p, 60-66®) and 
petroleum ther (b.p. 60-66®) j Benzene (75:25) as eluants gave 
fluorene (0.050 g,/v/3%) and an additional amount of 1, 1, 2, 2-tetra- 
phenylethane (0,627 g) . The total yield of 1, 1, 2, 2-tetraphenyl- 
ethane thus obtained was 81%. The compounds were characterised 
by comparison of their IR spectra with those of the authentic 
samples, TLC, mixed melting point technique and C, H analysis. 

In a separate ej^eriment, GLC analysis of the reaction 
mixture using 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length indicated the presence of benzhydrol and benzqphenone 
each in 2% yield (estimated by the calibration method) as addi- 
tional products. 
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Reaction of Benzhydryl Chloride with DMF 

The above reaction was repeated with benzhydryl chloride 
(2.02 g, 0.01 mol) and 50 ml of dry UMF in the absence of the 
reducing agent (sodium dithionite) under otherwise similar 
conditions. GLC analysis of the reaction mixture using 10% 

SE-30 on Crom~P (85-100 M) column of 2 m length indicated the 
presence of benzophenone (0.125 g, /vV^) and benzhydrol (0.295 g, 
r^lS%) by calibration method. 

Reaction of 9-Chloromethylanthracene with Sodixun Dithionite 

The reaction between sodium dithionite (2.88 g, 0.015 mol) 
and 9-chloromethyl anthracene (2.265 q, 0.01 mol) in dry DMF 
(50 ml) was conducted in the same manner as the earlier experi- 
ments. The reaction started with evolution of SO^ gas (tested 
by passing into a 2% solution of potassi'um dichromate) which 
continued for a period of 10 min. The reaction was worked up 
after adding the cooled reaction mixture to acidified water. 

A yellow precipitate which appeared on pouring the reaction 
mixture into water was filtered off/ washed with ether and 

42 

identified as l, 2 -di- (9-anthryl) -ethane (m.p. 309-310®, lit. 

312®C) , The filtrate was extracted with ether, the ethereal 
extract was washed with water and dried (MgSO^) . The solvent 
was removed to give a crude mixture of products which on tic 
analysis showed spots corresponding to 9-methylanthracene, 

1 , 2 -di- ( 9 -anthryl) -ethane, l, 2 -di- (9-anthryl) -ethylene, 9- formyl- 
anthracene and 9 -hydroxylmethylanthracene. The crude mixture 
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of products was shaken well with hexane when a part of it 
remained as insoluble solid which was filtered. The hexane 
insoluble portion was identified as 1 , 2 -di- (9-anthryl)-ethiane. 
Total yield of 1, 2-di- (9-anthryl)~ethane was 1.49 g (/^78%) . 

Column chromatogrephy of the hexane soluble portion on silica- 
gel (100-200 M) using petroleum ether (b.p, 60-66®) gave 
9-methylanthracene (0.095 g,/«^5%; nup, 80®/ lit. 81.5®C), 

A tarry material at the top of the column/ presumably contain- 
ing 1/ 2-di- (9-anthry2)ethylene/ 9- formyl anthracene and 9-hydroxy- 
methyl anthracene/ could not be separated. Both the compounds 
were characterized by mixed melting point technique and compa- 
rison of their IR spectra with those of the authentic samples. 

Reaction of 9-Chloromethylanthracene with DMF 

The above reaction was repeated using 9-chloromethyl- 
anthracene (2.26 g, 0.01 mol) and DMF (50 ml) in the absence 
of sodium dithionite under otherwise identical conditions. 

After work up in the manner detailed above/ tic of the crude 
mixture showed spots corresponding to 9 - formyl anthracene and 
O-hydroxymethyl anthracene. A qualitative comparison on tic of 
the this product mixture and that obtained in the previous 
experiment indicated the presence of larger amounts of 9-formyl- 
anthracene and 9 -hydroxymethyl anthracene in the blank experiment. 
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CHAPTER IV 


REDUCTION AND DIMETHYLAMINATION OF 
BENZYLIC HALIDES IN PRESENCE OF 
Co (II) AND Fe(ll) IN DMF MEDIUM 


1 Abstract 

Reactions of benzyl chloride, 4-nitrobenzyl bromide, 
9~bromofluorene/ benzhydryl chloride and trityl chloride with 
Co (II) chloride or Fe(ll) oxalate in DMF at 155~60® were studied 
under carefully varied reaction conditions. Based on the product 
analysis/ blank es^eriraents in the absi. ace of metal ions and 
other control experiments# it is concluded that under the condi- 
tions ertployed, DMF brings about nucleophilic displacement of 
halogen by Sjj2 type attack on 4-nitrobenzyl bromide and 
type attack on all other halides# through its oxygen atom. 
Dimethylamination takes place when DMF is oxidized by electron 
transfer process into the DMF radical-cation which couples with 
joenssylic radicals easily. Cobalt (II) influences the course of 
all the reactions by acting as electron donor to the halide via 
3 uter sphere electron transfer process. Iron(Il) behaves simi- 
larly with 4-nitrobenzYl bromide; but preferentially forms an 
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organoiron corrplex with other halides via oxidative addition 
involving a 3-center, concerted, frontside nucleophilic displace- 
ment mechanism. The xinstable organoiron complex produces dimeric 
products by a facile, concerted orbital symmetry allowed process. 
Radical intermediates are not present in the latter reactions. 

The mechanistic conclusions made here are tentative and many 
more data are needed for making conclusive assertions. 


IV. 2 Introduction 

Metal ions and metal coirplexes are finding increasing use 
in organic chemistry both as reagents and as catalysts for a 
variety of synthetic transformations. Metal catalysis is 
iirportant in industrial chemistry since it allows for high 
selectivity and economic efficiency. In order to enrich this 
inportant field of metal catalysis, in organic chemistry, a 
mechanistic understanding of the chemical interactions between 
the metal and various organic substrates is desirable. Although 
organometallic conpounds are known to play key roles as reactive 
intermediates in a number of these systems, surprisingly little 
is precisely known about how these organometallic intermediates 
are formed and how do they undergo further transformations. 

Most of the reactions in question are believed to proceed by 

redox processes. 

Oxidation-reduction reactions involving metal ions and 

1-7 

their conplexes are mainly of two types: 


inner- sphere 
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(ligand transfer) and outer-sphere (electron transfer) reactions. 
During electron transfer reactions/- the coordination spheres of 
the metal ions remain intact. Such electron transfer processes 
can be visualized as electron "tunnelling" through a potential 
barrier between regions of lowest energy as represented in 
Eqs. (l) and (2); 

CodOTj)/''' + cr"**" > Cr^"^ + Co(NH2)g^‘*‘ .. (l) 

Fe^^(CN)g^’ + Ir^^Clg^" > (CN)g^“ + Ir^^^Clg^’ 

.. ( 2 ) 

By contrast/ ligand transfer reactions are believed to proceed 
via a bridged activated complex in which the two metal ions are 
connected by a common bridging ligand as shown by an example in 
Eq. (3) : 


_ XXX /.TT_T S Hl/1 1 

Cr + (NHlgCo Cl 


& 


(NH2)5Co...C1...Ci^ - 

(NH3)gCo^^^ + Cr^^^Cl 


(3) 


Metal ions or uncharged metal complexes may be used to 
produce radicals by various processes shown in Eqs. (4)-(7)t 


8-12 


Atom transfer ; 

Homolysis : 

Electron 
transfer : 


CH^Br + cr^^ — > CH^* + (Br)Cr^^^ .. (4) 

CH 3 Cu^^CH 3 — > CH 3 * + Cu^CH^ CH* + Cu° 

O .. (5) 
+ Cr^^^ .. (6) 



Charge 

transfer 


: CH^HgCH^ + CCl^ 


(CH 3 ) 2 Hgtccl^ 


] 


CH^HgCl + CH 3 + CCI 3 


(7) 



152 


The reduction of organic halides by metal ions or metal 
complexes may be formally represented by three different path- 
ways outlined below: 

Atom transfer : R-x + ^ r* 

Electron transfer : R-x + ^ R-X* + 

Oxidative addition : R-X + ^ R-M^''‘^-X 

Whereas the first two mechanisms involve radical inter- 
mediates/ the third occurs without the intervention of paramag- 
netic species. In practice/ these mechanisms are difficult to 
distinguish e^erimentally from each other/ since they differ 
mainly in the timing of the bond iormation and bond rupture 
sequence. In the atom transfer process/ radicals are produced 
via a complex (an intermediate and/or a transition state) in 
which the halogen constitutes the bridging ligand forming part 
of the coordination sphere of the metal reductant/ e.g. (R-X-M) . 
In the electron transfer process/ the coordination shell of the 
reductant is not penetrated (as mentioned previously), and the 
carbon - halogen bond remains intact in the transition state. 
Carbon radicals are formed subsequently by fragmentation of the 
radical- anion of the organic halide. 

Thus, atom transfer and electron transfer processes ape 
oxidation— reduction reactions proceeding via inner— sphere and 
outer-sphere mechanisms, respectively. These two processes can 


.. ( 8 ) 
.. ( 9 ) 

.. ( 10 ) 



153 


be distinguished if the products are substitution stable. 

The reduction of alkyl halides by Cr(ll),^^ for exarrple/ 
is kinetically first order in each reactant (Eg, ll) : 

RX + 2 Cr^^ — > RCr^^^ + XDr^^^ ,, (ll) 

The products are substitution stable and the available evidence 
suggests the occurrence of ‘atom transfer' process^^'^^ in the 
cases under reference. Thus, one may consider the action of the 
substitution- labile species Cr(ll) on an organic halide by two 
distinct pathways outlined in Scheme IV, 1. 

SCHEME IV, 1 

Path I: Atom transfer process 

RX + Cr^^ > R* + XCr^^^ 

R. ^ cr^I RCr^II 

Path II: Electron transfer process 

RX + Cr^^ > Rx" + Cr^^^ 

KX“ — R. + X" 

R. + Cr^^ — > RCr^^^ 

X“ + Cr^^^ — > XCr^^^ 

Both products RCr(lIl) and XCr(lIl) are substitution- stable as 
is Cr(lll) which is not converted by halide ion to XCr(lIl) 
under the reaction conditions. As the last step of Path II 

would not be fast enough to produce XCr (ill) / it is concluded 
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that the halogen must have been transferred during the reduction 
shown in the first step of Path I. 

Electron transfer reduction of organic halides has been 
affected by such powerful reagents as alkali naphthalenes, 
lithi^am benzophenone ketyl and dicarbanions etc.^^~^^ to give 
radical anions which cleave to produce radicals. 

RX — RX* — ^ R* + x“ .. (12) 

Oxidative addition represents a ubiquitous class of 

reactions in which the oxidation of a metal complex by an 

electrophile is acconpanied by a concomitant increase in its 

21—23 

coordination number (Eq. 13) : 

R 

M + R-X ^ il or .. (13) 


This process may proceed through either (i) concerted two- 
equivalent transformations, or (ii) successions of one- equivalent 
changes involving radicals. The former may involve nucleophilic 
displacement of halide by attack of the metal at the carbon 
centre, including either a 2— or 3— centre transition state 


represented as 




respectively. The 2-centre transition state must result in the 
stereochemical inversion of configuration at the carbon centre. 
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while the 3-centre transition state would lead to retention of 
configuration at carbon. 

The process outlined in Scheme IV, 2 involves successive 

24, 25 

one- equivalent changes, with radicals as intermediates. 


SCHEME IV. 2 


RX + Pt° 
R* + XPt^ 


> R* + XPt^ 

> RPtX 


Free radicals are usually not. the prime intermediates in 
the deconposition of most of the organometals and molecular 
processes are involved in disproportionation and combination of 
alkyl groups# This is evident from the selective decomposition 
of certain organometals to produce only disproportionation 


products^^' (Eq. 14 ) 


2 CH^CH^CU 


CH^CH^ + CH 2 =CH 2 + 2 Cu 


.. (14) 


28—30 \ 

whereas others afford only coupling products " (Eqs. 15 & 16) 


2 CH2CH2Ag 


CH^CH.CH^CH + 2 Ag 
3 2 2 o 


.. (15) 


2 CH 2 CH 2 Au^PPh 3 CH 3 CH 2 CH 2 CH 3 + 2 Au° + 2 PPh^ .. (l 6 ) 


Organometals can also undergo homolytic fission to give 
alkyl radicals and organometal radicals. Alkyl radicals can 
subsequently undergo bimolecular reactions to afford coupling 
products or undergo disproportionation. 
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The reductive coupling of alkylmetals resulting in C-C 
bond formation can proceed either intermolecularly from RM or 
intramolecularly from R^M. The exairples of intermolecular 
reactions are shown in Eqs. (15) and (16). Reductive coupling 
of two alkyl groups attached to a single metal occurs in organo- 
gold(lll), -cobalt (III) , -nickel(ll), and platintim(ll, IV) deri- 
vatives. For exanple/ trimethyl gold (ill) spontaneously under- 
goes reductive coupling at -40°C to afford metallic gold and 
ethane: 

(CH^) 3 Au^^^ 

2 CH^Au^ 

The deconposition of more stable phosphine adducts/ (CH^) 

32 

AuL, where L = phosphines at 80 ®C gave ethane and CH^AuL 
(Eq, 17) : 

(CH 2 ) 3 AuL > + CH^AtoL .. (17) 

The product CH^AuL itself undergoes further decomposition to 
ethane and a gold mirror. 

Solutions of an equimolar mixture of (CH^) ^AviPPh^ and 

(CD^) 3 AuPPh 2 gave substantial amounts of cross-over product 

(CH_CD_) when decompositions were carried out in decalin, 

34 

chlorobenzene or ethereal solvents. In polar solvents such as 


CH CH_ + CH_Au 

O O 


-> + 2 Au° 


(CH 2 ) 3 AuPPh 2 + (CD 3 ) 3 A'uPPh 3 





CH3CH3 


CH3CD3 


CD 3 CD 3 


+ CH3AuPPh3 
+ CH3AuPPh3 
+ CD3AuPPh3 


+ CD^Au- 
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dimethyl sulfoxide (DMSO) and dimethyl formarnide (DMP ) , the 
decomposition afforded and CD^CD^/ with only trace 

amounts of CH^CD^. 

The intermediate, effectively intercepted 

by better coordination solvents such as IMSO and DMF (Eq, 19) 

(CH.) .AuL ^ (CH.)_Au+L (18) 

o o " *3 o 

(CH^) ^Au + S ^ (CH^) ^AuS — > CH^CH^ + CH^AuS etc. 

3 3 x: 33 33 3 

.. (19) 

to afford labile complexes from which reductive elimination 
occurs by an intramolecular pathway without scrambling the 
methyl groups in the product. 

When dialkyliron(ll) derivatives are treated at room 
tenperature with a variety of one - equivalent oxidants, includ- 
ing IrCl^^“, Ce(iv) and Cu(ll), the spontaneous coupling of 

alkyl groups takes place in high yields f with little or no 

33 

disproportionation , e.g • # 

(bipy) 25’e^^ (CH^CH^) 2 + > 0^ipy-^®^^hrClg^'3 

+ CH2CH2CH2CH2 

Here, conversion to the metastable paramagnetic di alky liron (III) 
intermediate followed by rapid coupling is indicated (Scheme 

IV. 3) : 

SCHEME IV. 3 

Fe(CH 2 CH 3)2 + Fe (^ 2 ^^) 2 '’’ + ^^^6 

Fe(CH2CH3)2'^ -fast^ Fe"^ + 
where Fe = Fe^^(bipy )2 



Reductive coupling of two alkyl ligands attached to a 
single metal centre can also take place by an orbital symmetry 
allowed process: 

— >• R + 

P. 2 

where n represents the formal oxidation state. Such a process / 
however, is difficult to distinguish from a stepwise, homolytic 
process, 

> r’rm^“^ 

[r'RM*^"^ > R^ + 

particularly if it occurs within a solvent cage. CIDNP studies 

of the thermal decomposition of di alkyl mercury (ll) suggest that 

• 35 

such cage reactions are possible. 

The thermal decomposition of aryl- and benzyl-nickel ( II) 
derivatives, PhNi (Br) (PPh3) 3 and PhCH^Ni (Br) (PPh^) 3, affords 
coupled products Ph2 and PhCH^CK^Rh, respectively, in quanti- 
tative yields. The dimerization presumably occurs by the 
reductive coupling of Ar2NiL2 according to Scheme IV. 4 , without 
the inteirvention of radicals. Tetraphenyl tellurium yields 
diphenyl^"^ on thermal decomposition. 

SCHEME IV . 4 

2 ArNiBrL^ ^ ^ 

Ar2NiL2 'T ^ ^2 ^^^2 ' 

Reaction of aryl halides with bis- (l, 5 -cyclooctadiene) - 

36 

nickel (0) (COD) results in the formation of diphenyls in DMF. 
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The mechanism proposed for this/ is shovm in Scheme IV. 5: 

SCHEME IV. 5 

' ^ 1 

ArX 


r 


+ Ar-X 

(COD) 


Ar-Ni-X 

I 

L 


Ar 

1 

Ar-Ni-X + 2 L 

I 

X 


L = solvent or 
COD 


I 


Ar-Ar + NiX, 


Reduction of dimagnetic organometals may also induce 

coupling. Thus, treatment of the cationic pentadienyliron 

1 . 

complex, CgHgFeCcO)^/ with zinc results in the formation of a 
39 40 

new C~C bond ' as shown in Scheme IV. 6: 

SCHEME IV. 6 _ 

Fe(C0)_ 


Zn 




^Fe (CO) 

The iron carbonyl promoted cyclocoupling reaction between 

-.(jibromoketones and arylated olefins provides a new tool 

for the synthesis of 3 -arylcyclopentanones.^^ Equation (20) 

42 

shows a simple sesquiterpene synthesis following the same 
method. 


0 


Br Br 


Fe2(C0)> 



.. ( 20 ) 


Iron carbonyl complexes have also been used in the synthesis 
(Eq. 21): 


of tricothecane 
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COOMe 


MeO 


(CO) ^FB' 



Fe(CO)2 Pe(CO)3 

V).. 

Me COOMe 1 e c:OOMe 


( 21 ) 


^ ^ ^ COOMe He COOMe 

ne reaction of p-substituted benzyl chlorides with Pe_(CO) - 

O X M 

pyridine-N- oxide reagent system afforded 1 / 2 -diphenyl ethane 
44 

derivatives (Eq. 22) : 


p-RCgH^CH^Cl + Fe^ (CO) ^2“Py-N-oxide — > RC H^CH CH C^H R 


R = H, CHy CH 3 O, Cl 


.. ( 22 ) 


The reaction presumably occurs by the thermal decomposition of 

an iron-carbonyl coirplex containing a benzyl group which is 

produced during the course of the reaction. An attempt to 

isolate the complex in pure state was unsuccessful because of 

its instability. Aromatic aldehydes a^so undergo reductive 

45 

coupling to give the corresponding diols as major products 
with the same reagent. 

Iron(ll) is known to transfer electrons to diazoni\am salts 

to give aryl radicals which have been trapped by 4-methyl-3- 

n 46 

penten— 2 — one and isolated as azo compounds. 

4-Nitrobenzyl bromides are reduced by N,N'-bis(salicyli- 

dene) -ethylenedi amino- l-methylimidazole-Gobalt(ll) ^o (salen)^Q 

47 

by outoir— spheiTB m6Clianisin according to Scheme IV* 7s 
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SCHEME IV. 7 


(salen) (M) 




II 

Co (salen) (M) ^ + O^N- CH^Cl — ^ 



Co^^ (salen) (M) ^ 
Co^^ (salen) M 2 '*’ 



Outer-sphere electron transfer is promoted by the nitro group 

48 

which stabilizes the radical- anion. 


The phase transfer catalyzed, cobalt carbonyl catalyzed 

carbonylation of aryl and vinyl bromides under photostimulation 

affords the corresponding unsaturated acids in high yield. 

Co (CO) , Bu HBr“ . 

ArX + 2 NaOH ^ — > ArCOO“Na + NaX + H„0 

hV 2 

These reactions are believed to oe taking place by S^y^l path- 
49 

way. 

Aryl halides undergo dimerization with copper (Ullmann 
50 

reaction) possibly via two consecutive steps: (i) a nucleo- 
philic reaction of copper with the aromatic halide to form an 
activated complex at the metal surface, (ii) the reaction of 
the activated complex with a second molecule of aromatic halide 
to form a biaryl plus copper halide. 

Halonitroaromatic corrpounds are known to undergo dimethyl- 
amination reactions in DMF in the presence of catalysts like 
CsF,^^ CuSO^ or CuCN^^ as shown in Eqs. (23)-(25): 
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VJhe'fcr^ X =Br and R =N02 the dimethyl aminati on product is obtained 
in yields- 




CUSO^, 

'E 


DMF 



(24) 



(25) 


In an attempt to rationalize many diversities in the 
re»3L.<r:tions of metal ions with organic halides and to study the 
mccicluanistic process of catalysed dimethyl amination by IMF, we 
dccmJLcded to examine a few reactions of benzylic halides with 
Co < XI) and Fe(ll) salts in DMF. 


IV ^ 3 Results and Discussion 

In the reduction of organic halides with metal ions or 
rn€^ complexes/ it is observed that variation in mechanistic 

pQ.’tctiwB.ys often occurs v/ith a change in the metal reagent; but 
tbi^ mechanistic differences are due more to the structure of 
organic halide than to the metal itself. It is clear/ 
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however, that only minor differences in energetics are respon- 
sible for separating mechanisms^ ^ and more extensive studies 
are required before any general mechanistic pattern can be 
developed from the properties of the metal reductant. 

The present study aims at examining the behaviour of 
Fe(ll) and Co(ll) compounds with benzylic halides. Reactions 
of Pe(ll) were carried out with benzyl chloride (l) , 4-nitro- 
benzyl bromide (II) , 9— bromofluorene (ill) , benzhydryl chloride 
(IV) and trityl chloride (v) in DMF at 155—60® under different 
experimental conditions. While both the primary halides (l) 
and (II) yielded several products listed in Table IV, 1, the two 
secondary halides (ill) and (iv) gave benzylic dimers, almost 
exclusively (Table IV, 2). The tertiary halide viz., trityl- 


Table IV. 1 . Reactions of Primary Benzylic Halides I and II 
(Ar-CH 2 -X; 0.01 mol) with Fe(ll) Oxalate in DMF 
at 155-60® for 1 hr (I =b'^nzyl chloride and II = 
4-nl trob .nzyl bromide) 


Run 

Ha- 

li- 

de 

Molar 

ratio 

Halide: 

Fe(Il) 

Rx^ 

Atmos- 

phere 

% yield 

of products 


ArCH^l 

1 

ArCH^OHj 

ArCHoiArCH2NMe2 

t 

1 

1^' 

^ I 

1:1 

^2 

10 

7 

trace 

2 

2 

II 

1:1 

^2 

10 16 

3 

4 

62 

3 

II 

1:0.5 

^'2 

5 7 

12 

6 

48 

4 

II 

1: 1 

°2 

- 

6 

23 

61 

5"= 

II 

1:0 

^2 


8 

4 

23 

a. 

Blank 

reaction 

in the 

absence of Fe(Il), 

showed benzyl 

alcohol 


(8%) and traces of benzaldehyde and benzyl dimethylamine, but 
no bibenzyl among the products. 

b. Starting halides remaining unreacted were 69% in run 1 and 
57% in run 5. 
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Table IV. 2 . Reactions* of Secondary Benzylic Halides III and 
IV (Ar^CH-X; 0.01 mol) with Fe(ll) oxalate in DMF 
at 155-60° (ill = 9-bromof luorene; IV = benzhydryl 
chloride) 


Run 

Molar 

ratio 

Halide: 

Fe(ll) 

Time 

(hr) 

Rx 

Atmos- 

phere 

% Yield of the 
principal pro- 
duct^ (9,9* -bi- 
fluorenyl) from 
Halide (ill) 

% Yield of the 
principal pro- 
duct'^ (l, 1, 2, 2- 
tetraphenylethane) 

from Halide (iv) 

« 

6,7 

1: 2 

1 

^2 

95 


85 

8®, 9^ 

1: 1 

1 

^2 

95 


86 

10,11 

1:0.5 

1 

-^2 

85 


83 

12, 13 

1:0.25 

1 

^2 

44 


40 

14,15 

1: 1 

12 

^2 

90 


86 

16, 17 

1: 1 

1 

°2 

92 


84 

18, 19 

1: 1 

(cyclo- 
hexene 
0.015 mol 
was added) 

1 

^2 

94 


83 


* A preliminary analysis of the aliquots removed from the reaction 
mixtures of the repeat runs 8 and 9 respectively at intervals 
clearly showed the rapid disappearance of the benzylic halides 
and slower formation of the dimeric products in each case. 

C/ In all the experiments with 9-bromof luorene / (i.e., runs 6, 8, 

10, 12, 14, 16 and 18), traces of bifluorenylidene and 9-fluore- 
nol were detected among the products; but no fluorenone or 
9-dimethylaminofluorene could be detected. 

d. In all the experiments with benzhydryl chloride (i.e., runs 7, 

9, 11, 13, 15, 17 and 19), benzhydrol was detected as a minor 
product; but no benzophenone or benzhydryldimethylamine could 
be detected. 

e. Blank experiment of run 8 conducted with 9-bromof luorene in 
the absence of Fe(Il) indicated the presence of 9-fluorenol 
(17%) fluorenone (11%) and 9-dimethylaminofluorene (14%) as 
detectable products, besides unreacted starting halide. 

f. Blank experiment of run 9 conducted with benzhydryl chloride 
in the absence of Fe (ll) , indicated the presence of benzhydrol 
(16%), benzophenone (7%) and benzhydryldimethylamine (6%), 
besides unreacted starting halide. 
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chloride (V) , however/ yielded triphenylcarbinol as the major 
product accompanied by a minor conponent of triphenylmethane 
(Table IV. 3) . 

Table IV. 3 . Reaction of Trityl chloride (V; 0.01 mol) with 
Fe(ll) Oxalate in BMP at 155-60® for 1 hr 


Run 

Molar ratio 
HalidejFe(ll) 

Reaction 

Atmosphere 

% yield 
Ph^CH 

of products 

Ph-C-OH 

3 

20^ 

Is 1 

^2 

14 

79 

21 

1:0.5 

^2 

1 1 

81 

22 

1:0. 25 

^2 

7 

86 

23 

1; 1 

°2 

trace 

93 

24 

1; 1 

(cyclohexene 

0. 10 mol was 
added) 

^2 

21 

70 


g. Blank experiment of run 20 conductea in the absence of Fe(Il) 
yielded triphenylcarbinol in 96% yield and no other product 
was detected. 


The reactions of Co(ll) with benzyl chloride (l)/ 4-nitro- 
benzyl bromide (II) or 9-bromofluorene (III) in BMP at 155-60® 
were also examined in order to make a comparative study with the 
corresponding reactions of Fe(ll) . The results obtained in the 
reactions of Co(ll) with the halides (l) / (ll) and (III) are 
summarized in Table IV. 4. Although each of the five benzylic 
halides (l)-(V)/ were recovered unchanged quantitatively from 
their respective BMF solutions kept under stirring for 1 hr 


166 


Table IV. 4 . Reaction of Benzylic Halides I, II and III 

(Ar-CH-X; 0.01 mol) with Co (ll) chloride (0,01 mol) 
in DMF at 155-60* vmder Atmosphere for 1 hr. 

(l = benzyl chloride? II = 4-nitrobenzyl bromide; 

III = 9-bromofluorene) . 


Run 

Halide 


% yield of products 


Ar-CH^ 

1 2 

(Ar-CH). _ 
t 2 

Ar-CHOH 

1 

il 

o 

Ar-CHNMe» 
i 2 

25^ 

I 

- 

5 

8 

trace 

6 

26 

II 

trace 

6 

4 

5 

71 

27^ 

III 

2 

15 

23 

14 

38 


h^ Starting halide remaining unreacted was 47% . 

i. In the reaction with 9-bromofluorene, traces of bifluorenyli- 
dene (Ar-C=C-Ar) were also detected among the products. 


at room temperature, it is obvious from the data listed in 
TablesIV, 1, IV, 2, IV. 3 and IV. 4 that the solvent DMF reacts 
with these halides substantially at the reflux temperature 
giving benzylic alcohols (sometimes accompanied by the corres- 
ponding carbonyl corrpounds) and benzylic dimethyl amines. The 
course of these reactions is significantly influenced by the 
addition of Fe(ll) oxalate or Co(ll) chloride. 


For the reactions occurring in the absence of Fe(ll) 
and Co(ll)/ it is concievable that DMF acts as an ambident 
nucleophile. Substitution by the attack through oxygen atom 
of the DMF molecule would transform the benzylic halide (Ar-CH-X) 
into the intermediate species (Vl) which is capable of yielding 
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the corresponding alcohol and the carbonyl cotrpound simultaneously 
as illustrated in Scheme IV. 8. 

SCHEME IV. 8 


Ar-CH-X + lO=CH-NMe, 


Ar-CH-g-CH=NMe ^ 


(VI) 


IXI 


Formation of alcohol from (Vl) 


Ar-CH-O-CHarMe 


(VI) 


t.xr 


— Ar-CH-'^CI^NMe, 


f I 

X 


Ar-CH-m + Me^N-GHX 


|\r-CH-Or > Me2N=CHx"^ 




»3=-v 


ion pair 


N-CHO 


^ _ H C\_ 

Ar-CH-OH + .N-CHO 


\ 

(alcohol) 


H3C 




Formation of the carbonyl compound from (VI ) 


Ar-CH-0- CH=NMe , 


\ 


(VI) txr 


DMF 


Ar-C^ CH=NMe. 




transition state 


Ar-C^ + H-C=MMe. 
I z z 


(carbonyl 

conpound) 
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The lower yields of the carbonyl compounds compared to 
those of the corresponding alcohols in the reactions of the 
halides (l) / (ll) , (III), and (IV) in the absence of metal ions 
reflect a slower rate of consumption of the intermediate (Vl) 
through the strained four-membered transition state. Substan- 
tially higher yields of oxygen-containing products in the blank 
experiments with secondary halides (III) and (IV) coirpared to 
that with the primary halide (l) under similar conditions 
suggests that the formation of the intermediate (Vl) itself 
occurs by a S^l type process rather than a type process 
(see Scheme IV, 9): 


SCHEME IV, 9 


Ar-CH-X 

I 


DMP 


155-60 


^ Ar-CH + X’ 


Ar-CH + 0=:CH-NMe, 


1 


Ar-CH-0-CH=NMe , 


I 


(VI) 


DMF is indeed, capable of bringing about ionization of 
,53 


and acyl halides. Also, dipolar aprotic solvents 

55-59 


certain alkyl 

55-59 

are known to solvate cations strongly, hence leaving the 

counter anion free to act as nucleophile and lessening the 


influence of ion-pair formation. Acyl bromides are also strongly 

5 4- 

dissociated in DMF and foami salts formulated as 
Me ^N=CH-0 -C-r 1 Br“ . 

S J 

In the case of 4-nitrobenzyl bromide (ll) where S^^l type 
of ionization is rendered difficult by the presence of the nitro 
group in 4-position; nucleophilic attack by the oxygen atom of 
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DMF via a type pathway would result in the formation of 
the intermediate corresponding to (VI): 


Me 


Me 


/ 

^N-CH=0 + 


^fHs-Br 



.Me 

— > 02H-<Q)-CH2-0-CH=S<^ 


Br 


- Me 


Nucleophilic attack through the nitrogen atom of DMF leading 
to the intermediate species (VII) would be disfavoured due to 

Me 

i 0 

f+ U 

Ar-CH-N — CH X 

I I 

Me 

(VII) 


not only the attendant steric factors but also the requirement 
of placing a positive charge at the nitrogen atom adjacent to 
the positively charged carbon of the carbonyl group in (VIl) , 
particularly when a facile nucleophilic displacement path 
involving the oxygen atom of DMF leading to intermediate (Vl) 
is available. Formation of the intermediate species (VII) 
which is inescapable for the production of benzylic dimethyl- 
amines in our blank reactions with the halides (l)# (ll) , (III) 
and (IV) should, therefore, be taking place by a non-nucleophilic 
pathway. In this connection, a comparison of the results of the 
blank ej^jeriment involving benzyl chloride (l) with those 
involving 4-nitrobenzyl bromide (II) reveals the same kind of 
dramatic effect of the nitro group towards enhancing the yield 
of the benzylic dimethylamine as found by Kombl-um and 
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60 

coworkers towards enhancing the yield of the C- alkylation 

product in the reaction of 4-nitrobenzyl bromide with the 

5l 

2--nitropropanate anion. It is also known that the presence 
of electron withdrawing substituents at 4-position in 4-substi- 
tuted-2-nitrohalobenzenes enhances the yield of 4-substituted- 
2-nitrodimethyl anilines in the reaction of the former with DMF 
(in the presence of CsP catalystl) . While the ability of 
4-nitrobenzyl bromide to act as one electron oxidant is v^ell 
established, one electron oxidation of DJNIF giving radical- 

51 

cation of DMF in an oxidising environment is also precedented. 

In view of the foregoing arguments, we suggest that in 
our blank reaction with 4-nirrobenzyl bromide (run 5; Table IV. l), 
the intermediate (VIIl) corresponding to species (VII ) is formed 
by an electron transfer process and 4-nitrobenzyldimethyl amine 
is produced from this intermediate subsequently (see Scheme 
IV. 10). 

The carbocations formed in the reactions of the halides 
(I), (III), and (IV) may, like 4-nitrobenzyl bromide oxidize 
DMF (in one of the available reaction pathways) ultimately 
gi'^Ing benzylic dimethyl amines as shown in Scheme IV, 11*. 

It is, however, evident from the data on the blank 
reaction with trityl chloride (V) that the stable triphenyl— 
methyl carbocations are not reduced to radicals by IMF. 

A close look at the ejsperimental data on the reactions of 
the halides (l) , (H) / ^ course 
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SCHEME IV. 10 


CH^Br 


O 


NO, 


Me 


Me 


\,. 1? 

N-CH 

/ 


ET 





Me O 

\t li 

N-CH 

X 

Me 




-> 02N-^^J^-CH2 + Br~ 


Me 


(VIII) 


\ 

Me 


OjN 


-<0)-' 


Me 

+1^1 li r^- 

CH,— N— C-H + I Br 

I y 


Me 


0 

tt 

H-C-Br 




/ 


Me 


0 


^Me 


HBr + CO 


Ar-CH-X — 

I 

Me 

+ \.*» 

Ar-CH + N-CHO 

* Me'^ 


SCHEME IV. 11 

DMF - 

Ar-CH + X 

Me 


155-60’' 


Ar-CH + 

' Me'" 


Me 0 

+J " 


Ar-CH + N-CHO Ar-CH— TN— C-H 

I Me'^ 


coupling' 


i » 

(VII) 


Me O 

Ar-CH-tllll^C-H 

II 

H-C-X 


0 

11 


Ar-CH- NMe„ + H-C-X 
I 2 




-Br 


HX + CO 



1'73 


The effect of the highly oxidizing environment as provided 
by the oxygen atmosphere of run 4 (Table IV. l), is to increase 
the concentration of M(lil) species via the oxidation of 
While increased concentration of M(lll) species may tend to 
enhance the yield of benzylic dimethylamine by producing higher 
concentration of DMF radical-cations, it also oxidizes the benzy- 
lic radicals to carbocations (a process that tends to decrease 
the yield of the tertiary amine) . Consequently, the additional 
quantity of carbocations help in producing more alcohol (than 
under j.'5 2 atmosphere) . additional amount of alcohol would be 

produced via the trapping of benzylic radicals with molecular 
Oxygen, Some of the alcohol is oxidized to the corresponding 
carbonyl compound when sufficient M(III) ions are present (see 
Scheme IV, 13) : 


SCHEME IV, 13 


Ar-CH-O-H + M(III) 

1 


ET 


^ Ar-CH-O-H + M(II) 
1 


H 

I 


Ar-CH-O-H 

I 


Ar-C-0 + M(III) 


> Ar-CH-0 + H"^ 

J 

Ar-C=0 + M(II) + h'*' 


Indeed, a control experiment V 7 ith 9-fluorenol and Co (III) under 
similar reaction conditions showed significant oxidation of 
9-fluorenol to 9-fluorenone. At the same time, no noticeable 
reduction of 9-fluorenone with Co(ll) to 9-fluorenol, was 
observed when a control e 3 <periment was carried out. 
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It appears that the Co(ll) species is able to transfer 
one electron to the LUMO's of benzylic halides (l) and (III) 
also (see Table IV. 4), resulting in the formation of benzylic 
radicals; 


Ar-CH-X + Co (II) — > 

t ^ 


Ar-CH-X 

t 


Ar-CH + X 

f 


+ Co (III) 


Cobalt (III) species so produced/ oxidize DMF to give DMF 
radical- cations and also a part of the radicals to carbocations. 
Partial oxidation of the initially formed 9, 9'-bif luorenyl to 
9, 9 ' -bif luorenylidene as seen in run 27 of Table IV. 4 may also 
be rationalized by the use of Co (ill) as outlined in Scheme IV. 14. 


SCHEME IV. 14 



Electron transfer oxidations of hydrocarbons by Co (ill) are 
61 


knovm. 
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An outer sphere electron transfer mechanisin in the reduc- 
tion of benzylic halides with Co(ll) i also supported by the 
Hammett correlation of rate constants, 

About the reduction of the halides (l) , (III) and (IV) 
with Fe(Il) species/ no major mechanistic conclusions can be 
derived from the available data. However, the information listed 
in Table IV. 2 appears to indicate that free radicals are not 
involved here. (For instance, corrpare last two pairs of the reac- 
tions with rest of the pairs.) The fact that the benzylic halides 
a^re consumed faster than the dimers are produced is indicative 
of the formation of an organoiron complex intermediate. The 
reduction of significantly more halide than expected on the basis 
of 1:1 stoichiometry of the halide to Fe(Il) suggests that the 
organoiron complex intermediate is associated with more than one 
halide molecule for each Fe(ll) species. The information given 
in the footnotes of the Table IV. 2 also indicates that the organo- 
iron corrplex intermediate is formed faster than the DMF assisted 
ionization of the organic halide takes placejFe(ll) thus suppress- 
es the formation of products derived through carbocations in the 
blank experiments. 

In view of the foregoing arguments it is likely that the 
suggested organoiron conpound could arise by a non-radical oxida- 
tive addition mechanism. A concievable type, 2-centre 

concerted nucleophilic displacement mechanism of oxidative 
addition outlined below. 
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Ar-CH-X + M 

} 

* - 

Ar-CH-M"*” X“ 

1 




fast^ 


Ar-CH-M^ 



Jk 


Ar-CH-M-X 


is not applicable in the present cases as the same would have 
been more facile with the primary halide (run 1, Table IV. l) 
than with the secondary halides examined in Table IV, 2. It is, 
therefore, proposed that the oxidative addition in the present 
cases takes place by a 3-centre, concerted, frontside nucleo- 
philic displacement mechanisms (Scheme IV. 15) : 


SCHEME IV. 15 


Ar-CH-X + Fe 

I 


II 


1 I 

Ar-HC CH-Ar 

/ \ 

X X 


Fe 


.CH-Ar 

' I 
S 
t 

i 

'-x 


— ^ Ar-CH-Fe^'^-X 

r 


Ar-CH-X 


<- 


1 ^ 


1 

1 

Ar-CH 

, CH-Ar 

y"’ 

1 

Fe 

t 


1 

X 


— 



(IX) 


It is noteworthy in this connection that in a recent study on 

the reductive coupling of benzyl chloride in presence of 

Feo(CO) ^ in benzene a broad NMR signal at S 1* 22 ppm assignable 

to the methylene group of unstable system PhCH^Fe has been 
44 


recorded. 
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The dimeric products of the type listed in Table IV. 2 
could arise from the organoiron coirpound (IX) by a homolytic 
process in the solvent cage; but a cage reaction if occurring 
at the temperature of our reactions (i.e. 155-60*C) vrauld have 
allowed a part of the radicals to diffuse out of the cage giving 
some other radi cal- derived product (s) . 

In our opinion, a homolytic process leading to products 

via radical intermediates is not occurring; but a facile, 

concerted orbital symmetry allowed process results in the 

reductive coupling as is known for two alkyl ligands attached 

34 

to a single metal center. By iiiplication, compound (IV) 
should have a tetrahedral structure, 

Ar-CH /X 

Ar-HC'*^ '^X 

I 

(IX) 

Iron species in higher oxidation states could be converted 
into species in lower oxidation states by various permissible 
redox reactions including the electron donation from DMF . Forma- 
tion of traces of bifluorenylidene in all the experiments of 
9-bromofluorene(IIl) listed in Table IV. 2 can be rationalized 
by the same set of steps as outlined in Scheme IV. 14 with the 
only difference that Fe in a higher oxidation state, for exartple, 
Fe(lll) is the oxidizing agent in place of Co (ill) . In a control 
experiment with Fe(IIl), 9, 9 ' -bifluorenyl was actually found 
to give bifluorenylidene. 


Ar-CH 
♦ % 


X 


Fe 

■-HC 


Ar-HC 


X 


I f 

Ar-CH-CH-Ar 

IV 

+ Fe 
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The reaction of trityl chloride in presence of Fe(ll) may 
form the dimeric cortpound - hexaphenylethane by the same mecha- 
nism; but homolytic decomposition of the dimeric product expect- 
ed to take place under the conditions employed by us results in 
the formation of triphenylmethyl radicals which are mainly 
oxidized to carbocations by the metal ions in higher oxidation 
states. Thus, triphenyl carbinol is formed by a nucleophilic 
attack route in major yield (Table IV. 3). A samll fraction of 
triphenylmethyl radicals which survive oxidation, abstract 
hydrogen atom from DMF giving triphenylmethane. In oxygen 
atmosphere, radicals are trapped by oxygen again forming tri- 
phenyl carbinol , 

It should be noted, however, that a more rigorous deli- 
neation of mechanisms involving Co(ll) and Fe (ll) is not possi- 
ble with the data at hand and the suggestions made here should 
be treated as tentative. 


IV. 4 Experimental 

All the melting points were recorded using MEL- TEMP 
melting point apparatus and are uncorrected. IR spectra were 
recorded on Perkin-Elmer model- 580 spectrophotometer. The 
products were identified by comparison of their IR spectra with 
those of the authentic samples, by TLC, melting points and mixed 
melting points. Literature melting points are cited from "Hand- 
book of Chemistry and Physics, " 50th edition, R.C. Weast (Ed.) 
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p\iblished by the Chemical Rubber Company, Cleaveland, Ohio, 
unless otherwise specified. Silica-gel (ase-India) was used 
for TLC analyses. 

Starting Materials 

Iron ( II) oxalate (Veb Laborchemie Apolda, Germany) and 

cobalt(ll) chloride (BDH) were used. Silica-gel (Acme's) of 

100-200 Mesh size was used for column chromatography. Benzyl 

chloride (E. Merck) was used after distillation, 4-Nitroben2yl 

bromide, 9-bromofluorene, benzhydryl chloride^^ and trityl 
G S 

chloride were prepared by known methods. Fluorenone (Schuchard 

Munchen, Germany) was used and 9-fluorenol was prepared as 

S'! 

reported in literature. Dimethylformamide (SDS) was used in 
all the reactions after drying as described below: 

Preparation of Deaerated, dry N,lNl-Dimethylformamide 

Dimethylformamide was kept over calciiom chloride for twenty 
four hours after which it was decanted into a one- litre round 
bottomed flask. It was distilled at atmospheric pressure and 
the fraction distilling over a tenperature range of 15 2-154‘^C 
was collected. DMF vras deaerated by passing pure and dry 
nitrogen continuously for half an hour into the solvent contained 
in a one litre RB flask mounted over a magnetic stirring base. 

Reaction of Benzyl Chloride with Fe(Il); Molar ratio-ltl 

In a 3-necked RB flask mounted over a magnetic stirring 
base, fitted with a condenser and a mercury trap were placed 
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benzyl chloride (1.26 g, 0,01 mol), iron(Il) oxalate (l.80 g, 
0.01 mol) and dry DMF (50 ml). The flask was flushed with pure 
nitrogen for 10 min. after which the contents of the flask were 
heated in an oil-bath at 155-160*C for a period of one hour. 

The oil-bath was removed after this duration and the flask 
cooled to room temperature. The reaction mixture was worked up 
after adding to acidified water. The products were extracted 
with ether, the ethereal extract washed with an excess of water 
and dried over xYlgSO^ (anhyd. ). GLC analysis of the mixture of 
products using 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length indicated the presence of benzaldehyde in trace amount, 
benzyl chloride (0.872 g,^69%), benzyl alcohol (0,075 g, ,^1%) 
and bibenzyl (0.091 g,/^10%). The above reaction was repeated 
and the reaction mixture subjected to GLC analysis without work- 
up. In this way, formation of benzyl dimethylamine (0.027 g, 
^2% - by calibration method) was also noticed. 

Reaction of Benzyl Chloride with DMF 

The above reaction was repeated using benzyl chloride 
(1.265 g, 0.01 mol) and 50 ml of dry DMP in the absence of iron 
salt under otherwise identical conditions. After cooling the 
reaction mixture to room temperature, it was subjected to GLC 
analyses using 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length. Formation of benzyl alcohol (0.086 g, ■~'8%) and trace 
amounts of benzaldehyde and benzyl dimethyl amine was thus indi- 
cated. No bibenzyl was indicated among the products. 
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Reaction of 4-Nitrobenzvl bromide with FeCll); Molar ratio -lil 
In a 3-necked round bottomed flask mounted over a magnetic 
stirring base and fitted with a condenser, a mercury trap and 
a gas passing adaptor, were placed 4-nitrobenzyl bromide (2.16 g, 
0.01 mol), iron(ll) oxalate (l.80 g, 0.01 mol) and dry DMF 
(50 ml) . The contents of the flask were flushed with dry 
nitrogen for ten minutes, and then heated over a tenperature 
range of 155- 160 in an oil-bath. The heating was continued 
for 1 hr. after which the oil-bath was removed and the contents 
of the flask cooled to room temperature. The reaction mixture 
was worked up after adding to acidified water. The products 
were extracted with solvent ether. The aqueous solution was 
made alkaline by adding aqueous sodi-um hydroxide when iron 
hydroxide separated as a precipitate. The precipitate was 
filtered off and washed with solvent ether 2-3 times. The 
aqueous filtrate was again extracted with solvent ether and the 
combined ethereal extracts washed with an excess of water and 
dried over anhydrous MgS0_^. The product mixture was subjected 
to GLC analysis using 10% SE-30 on Crom-P (85-100 M) column of 
2 m length which indicated the presence of 4-nitrotoluene 
(0.137 g/ow/10%), 4 - nitroben 2 aldehyde (0.060 g,<'^4%), 4-nitro- 
benzylalcohol (0.046 g, 3%) and 4-nitroben2yl dimethylamine 
(1.116 g, 62%) by calibration method. The ether extract was 
then concentrated and charged on a silica-gel column. Elution 
of the column with benzene gave 4 , 4 '-dinitrobibenzyl (0.215 g, 
16%) which was identified by a comparison of its IR spectrum 
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with that of an authentic sample, melting point and mixed melt- 
ing point technique. 

Reaction of 4-Hitrobenzvl bromide with Fe(ll); Molar ratio -1:0.5 
The above reaction was repeated using 4-nitrobenzyl bromide 
(2.16 g, 0.01 mol), iron (II) oxalate (0.90 g, 0,005 mol) and 
50 ml of dry DMF under otherwise similar conditions. The distri- 
bution of products in the reaction mixture was found to be 
4-nitrotoluene (0.0685 g,r^5%), 4- nitrobenz aldehyde (0.09 g, 

6%) , 4-nitrobenzyl alcohol (0.183 g, /vy 12%) , 4-nitrobenzYl- 
dimethylamine (0.864 g,/v/48%) and 4, 4 '-dinitrobibenzyl (0.095 g, 
7%) using the method described in the previous experiment. 

Reaction of 4-Nitrobenzvl bromide with Fe(Il); Molar ratio - 1; 1 
(■under 0^ atmosphere) 

In a 100 ml 3-necked RB flask, 4-nitrobenzyl bromide 
(2.16 g, 0.01 mol), iron(ll) oxalate (1.80 g, 0.01 mol) and 
dry DMF (50 ml) were taken. The flask was fitted with a conden- 
ser, a mercury trap and a gas passing adaptor. The gas inlet 
was connected to an oxygen gas cylinder and the slow bubbling of 
the gas was started. The flask was then heated in an oil-bath 
over a temperature range of 155— 160 for 1 hr. After this 
period the oil-bath was removed and the flask cooled to room 
temperature. The reaction mixture was worked up in the manner 
as described in reaction (2) above, and the product distribution 
by the method detailed in the same reaction was found to be 
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4-nit.robenz aldehyde (0.347 g, a> 23%) / 4-nitrobenzyl alcohol 
(0.092 g, 6%) and 4-nitrobenzyldimethylainine (1.098 g, 61%) . 

Reaction of 4-Nitrobenzvl bromide with DMF 

4~Nitrobenzyl bromide (2.16 g, 0.01 mol) and 50 ml of 
dry DMF were taken in a three-necked RB flask (in the absence 
of the metal salt) . The contents of the flask were flushed with 
dry N 2 for 10 min. and then heated in an oil-bath over a tempe- 
rature range of 155-160®C for 1 hr. After cooling to room 
temperature, the reaction mixture was subjected to GLC analysis 
as such. The GLC analyses using 10% SE-30 on Crom-P (85-100 M) 
column of 2 m length indicated the presence of 4-nitrobenz- 
aldehyde (0.060 g, 4%) , 4-nitrobenzyl alcohol (0.122 g, 8%) 
4-nitrobenzyldimethylamine (0,414 g, rv> 23%) and unreacted 
4-nitrobenzyl bromide (1.23 g,r*y57%) in the mixture of products. 

Reaction of 9-Bromofluorene with Fe(ll)? Molar ratio - It 2 

In a 100 ml 3-necked RB flask, mounted over a magnetic 
stirring base, were placed 9-bromofluorene (2.45 g, 0.01 mol) 
iron(ll) oxalate (3.60 g, 0.02 mol) and dry DMF (50 ml). The 
flask was fitted with a gas inlet tube, a condenser and a 
mercury trap. The flask was flushed with dry for 10 min. 
and then heated in an oil-bath over a temperature range of 
155-160**C for a period of 1 hr. After this period, the oil- 
bath was removed and the contents of the flask cooled to room 
temperature. The reaction mixture was worked up by adding to 
acidified water when a fluffy solid precipitated. The solid 
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was filtered at pump and dried. The yield of the crude solid 
was 1.56 g (^95%). A part of the solid was recrystallized 
from alcohol and identified as 9, 9'-bifluorenyl (m.p. 248®, 
lit. m.p. 247®C) . The structxare was confirmed by comparison 
of its IR spectrum with that of an authentic sample and mixed 
melting point technique. Thin layer chromatography of the 
mother liquor showed traces of bifluorenylidene and 9-fluorenol 
In a repeat escperiment carried out to determine the formation 
of fluorene, the product mixture was charged on a silica-gel 
column. Elution of the column using petroleum ether (b.p. SO- 
SO®) did not yield any fluorene. 

Reaction of 9-Bromof luorene with Fe(Il); M olar ratio -1:1 

The above reaction was repeated using 9-bromo fluorene 
(2.45 g, 0,01 mol), iron (ll) oxalate (l.SO g, 0.01 mol), and 
dry DMF (50 ml) under otherwise similar conditions. Product 

distribution was determined to be 9 , 9 ' -bi f luorenyl (1.56 g, 
95%) and trace amounts of 9-fluorenc5l^ and bifluorenylidene 
by the method detailed above. 

The above reaction was repeated in order to have a quali 
tative idea about the rate of formation of the dimer. The 
aliquots were removed at intervals of 15 min. and added to 
acidified water. A qualitative study of the products on tic 
indicated that though more of the halide had disappeared, 
comparatively less of the dimer formation took place. 
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Reaction of 9~Bromofluorene with DMF 

9-Bromofluorene (2.45 g, 0.01 mol) and dry DMF (50 ml) 
were kept in a 100 ml 3-necked flask and heated in an oil-bath 
over a temperature range of 155-160“ under an atmosphere of 
for one hour, Ihe reaction mixture was worked up by adding to 
water. The products were extracted with ether, the extract 
washed with water, dried over MgSO (anhyd.) and concentrated 
to give a mixture which was analysed by chromatography using a 
silica-gel column and petroleum ether (b.p. 60-80®) eluant. The 
products obtained were fluorenyldimethyl amine (0.29 g, /-s.- 14%) , 
fluorenone (0.185 g,/vll%) and 9-fluorenol (0.30 11%), 

besides unreacted 9-bromof luorene. 

Reaction of 9-Bromofluorene with Fe(ll); Molar ratio 1:0.5 

This reaction with new molar ratio of the reactants using 
9-bromof luorene (2.45 g, 0.01 mol) and iron(ll) oxalate (0.90 g, 
0,005 mol) in DMF (50 ml) was conducted along the same lines as 
described for the reactants in equimolar ratio. The product 
distribution determined in the same way was found to be 9,9*-bi- 
fluorenyl (1.40 g,/v^85%) and traces of 9-fluorenol and bifluore- 
nylidene. 

Reaction of 9-Bromofluorene with Fe(ll); Molar ratio -1;0. 25 
The reaction of 9— bromof luorene (2., 45 g, 0.01 mol) and 
iron (II) oxalate (0.45 g, 0.0025 mol) in 50 ml of dry DMF was 
conducted in the manner described in the previous esperiment. 

On work— up and analysis in the usual manner, 9, 9 — bif luorenyl 
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was fomd to be 0.726 g ( 44%), Thin layer chromatography 

also indicated the presence of trace amounts of 9-fluorenol 
and bi f luorenylidene. 

Reaction of 9-Bromofluorene with Fe(ll)r Molar ratio, ~ 1;1 -t: 
Reaction time 12 hr 

The reaction of 9-bromofluorene (2.45 g, 0.01 mol) with 
iron (II) oxalate (1.80 g^ 0.01 mol) in 50 ml of dry DMF was 
carried out for a period of 12 hr over a temperature range of 
155-160®C. After this period, the oil-bath was removed and 
the contents of the flasTc cooled to room temperature. The 
reaction mixture was worked up by adding to acidified water, 

9, 9 ' — Bifluorenyl (1.49 g, /v# 90%) , 9-fluorenol and bifluorenyli- 
dene both in traces were indicated as the products. 

Reaction of 9-Bromof luorene with Fe(Il)# Molar ra tio 1? 1 (under 

©2 atmosphere) 

In a 100 ml 3-necked flask were placed 9-bromofluorene 
(2.45 g, 0.01 mol), iron (II) oxalate (1,80 g, 0.01 mol) and dry 
DMF (50 ml) , The flask was flushed with oxygen gas for 10 min. 
The contents of the flask were then heated on an oil-bath over 
a teirperature range of 155- IBO^ for a period of 1 hr. The 
reaction mixture v/as worked up in the usual manner when the 
products were found to be 9 , 9'-bif luorenyl (l.51 g, 92%) and 
9-fluorenol and bif luorenylidene both in traces. 
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gigaction of 9- Bromofluorene with Fe(ll)/ Molar ra-blo - It 1 
(in presence of cvclohexene) 

In a 100 ml 3-necked RB flask mounted over a magnetic 
stirring base and fitted with a condenser, a mercury trap and 
a gas passing adaptor, were placed 9-bromofluorene (2.45 g, 

0.01 mol), iron(ll) oxalate (l.80 g, 0.01 mol), cyclohexene 
(l,23 g, 0.015 mol) and dry DMF (50 ml). The reaction was 
carried out for 1 hr under ni trogen atmosphere over a tempera- 
ture range of 155-160°. After work-up, presence of 9, 9'-bi- 
fluorenyl (1.55 g, ^ 94 %) and 9-fluorenol and bifluorenylidene 
(both in trace amounts) was indicated. 

Reaction of Benzhydryl chloride with Fe(Il); Molar ratio - 1: 2 
In a 100 ml 3-necked RB flask, mounted over a magnetic 
stirring base and fitted with a mercury trap, a condenser and 
a gas passing adaptor, were placed benzhydryl chloride (2.02 g, 
0,01 mol), iron (II) oxalate (3.60 g, 0.0 2 mol) and dry DMF 
(50 ml). The flask was flushed with dry for 10 min. and then 
heated in an oil-bath over a terrperature range of 155-160° for a 
period of 1 hr. The oil-bath was then removed and the flask 
cooled to room temperature. The reaction mixture was worked up 
by adding to acidified water when a white solid precipitated. 

The solid was filtered at the pump, washed with a little ether 

and dried. The solid was identified as 1 , 1 , 2 , 2 -tetraphenyiethane 
m,p. 212°C, Lit. m.p. 212. 5°C (1.42 g,^85%) by the mixed m,p. 

technique and comparison of its IR spectrum with that of an 
authentic sairple. The mother liquor was extracted with ether. 
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After concentration of the ether extract, tic showed the pre- 
sence of a trace amount of benzhydrol. 

Reaction of Benzhydryl chloride with Fe(ll); Molar ratio -1:1 

The above reaction was repeated using benzhydryl chloride 
(2.02 g, 0.01 mol), iron(ll) oxalate (1.80 g, 0.01 mol) and dry 
DMF (50 ml) under otherwise the same conditions as described for 
above experiments. 1, 1 , 2, 2-Tetraphenyiethane (1.435 g, /v/ 86%) 
and traces of benzhydrol were indicated among the products. 

The above reaction was repeated and alig;uots removed at 
intervals of 15 min. and added to acidified water. The products 
were extracted with ether and dried (MgSO^) . Concentration of 
the’ ethereal extract followed by tic analysis of the mixture 
indicated qualitatively the slower rate of formation of the 
dimer compared to the disappearance of the halide. 

Reaction of Benzhydryl chloride with DMF 

The above reaction was repeated with benzhydryl chloride 
(2.02 g, 0.01 mol) and dry DMF (50 ml) in the absence of metal 
salt under otherwise identical conditions. GLC analysis of the 
cooled reaction mixture using 10% SE-30 on Crom-P (85-100 M) 
column of 2 m length indicated the presence of benzophenone 
(0.125 g,/w7%), benzhydrol (0.295 g, /\/ 16%) and benzhydryl di- 
me thylamine (0.126 g,^ 6%) among the products (calibration 
method) , besides unreacted starting halide. 
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Reaction of Benzhydryl chloride with Fe(ll)y Molar ratio - 
This reaction with new molar ratio of reactants using 
benzhydryl chloride (2.02 g, 0,01 mol), iron (ll) oxalate (0.90 g, 
0.005 mol) and dry IMF (50 ml) was conducted in the usual manner. 
The product analysis by the method as described above indicated 
the formation of l, l, 2, 2-tetraphenylethane (1.38 g, /v- 83%) and 
a trace amount of benzhydrol. 


Reaction of Benzhydryl chloride with Fe(ll)7 Molar ratio -1:0.25 
The reaction of benzhydryl chloride (2.02 g, 0.01 mol) 
with iron (ll) oxalate (0.45 g, 0.0025 mol) in dry DMF (50 ml) 
was conducted in the same way as described for the above e3<peri- 
ments. Work-up of the reaction mixture and product analysis in 
the manner described previously indicated the formation of 
1 , 1 , 2 / 2 -tetraphenylethane (0.68 g,^40%) and benzhydrol (trace 

amount) . 

Reaction of Benzhvdrvl chloride wi t h Fe(Il); Molar ratio - 1:1.— 
Reaction time 12 hr . 

The reaction of benzhydryl chloride (2.02 g, 0.01 mol) 
and iron (II) oxalate (1.80 g, 0.01 mol) in 50 ml of dry DMF was 
carried out in the manner described above for a period of 12 hr. 
After cooling the reaction mixture to room temperature, it was 
worked up in the usual manner. The product analysis indicated 
the formation of l, 1 , 2 , 2 -tetraphenylethane (1.43 g,,^86%) and 
benzhydrol (trace amount) . 
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Reaction of Benzhydryl chloride with Fe(Il); Molar ratio -1:1 
(under 0^ atmosphere) 

In a 100 ml 3-necked RB flask were placed benzhydryl 
chloride (2.02 g, 0.01 mol)/ iron(ll) oxalate (1.80 Q/ 0.01 mol) 
and dry DMP (50 ml) . The flask was flushed with oxygen gas 
for 10 min. and then heated in an oil— bath over a tertperature 
range of 155-160® for a period of 1 hr. After this period/ the 
oil— bath was removed and the contents of the flask cooled to 
room tertperature. The reaction mixture was worked up in the 
usual manner and the products formed were 1/ 1/ 2, 2 -tetraphenyl— 
ethane (1.40 g,/^^84%) and benzhydrol (trace amount). 

Reaction of Benzhvdrvl chloride with Fe( Il); Mpj^r ratio - it. 1 
(in presence of cvclohexene) 

In a 100 ml 3-necked flask, mounted over a magnetic stirr- 
ing base and fitted with a mercury trap, a condenser and gas 
passing adaptor, were placed benzhydryl chloride (2.02 g, 0.01 
mol), iron (II) oxalate (1.80 g, 0.01 mol), cyclohexene (1.23 g, 
0.015 mol) and dry DMF (50 ml). The flask was flushed with dry 
nitrogen and the contents of the flask heated in an oil-bath 
over a temperature range of 155-160®C for 1 hr. After this 
period, the oil-bath was removed and the contents of this flask 
cooled to room temperature. After working up the reaction 
mixture in the usual manner, formation of 1, 1, 2, 2-tetraphenyl- 
ethane (1.38 g, ^ 83%) and benzhydrol (trace amount) was 


indicated. 
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g:gastion_..of Trityl chloride with Fe(ll); Molar ratio -1;1 

In a 100 ml 3~necked RB flask, mounted over a magnetic 
stirring base and fitted with a mercury trap, a condenser and 
a gas passing adaptor, were placed trityl chloride (2,785 g, 

0.01 mol), iron (II) oxalate (l.80 g, 0.01 mol) and dry DMF 
(50 ml) . The flask was flushed with dry nitrogen for 10 rain, 
and then heated in an oil-bath over a terrperature range of 
155-160°C for 1 hr. After this period, the oil-bath was 
removed and the contents of the flask cooled to room tenperature. 

The reaction was worked up by adding to acidified water. The 
products were extracted thrice with solvent ether. The combined 
ethereal extracts after washing with water and drying over MgSO^ 
(anhyd.) was concentrated to give a product mixture that showed 
two spots on tic. The mixture was charged on a silica-gel 
column. Elution of the column with petroleum ether (b.p. 60-80®) 
and petroleum ether (b.p. 60-80°): benzene mixture 50: 5o (v/v) 
gave triphenylmethane (0.340 g, ^ 14%, m.p. 94®, lit. m.p. 94°C) 
and triphenyl carbinol (2.05 g, rs/79%, m.p. 164°, lit. m.p. 164, 2°C). 
These compounds were identified by comparison of their IR spectra 
with those of the authentic sanples,by mixed melting point 
technique, TLC and C, H analyses. 

Reaction of Tritvl chloride with DMF 

In a 100 ml 3-necked flask were placed trityl chloride 
(2.785 g, 0,01 mol) and dry DMF (50 ml). The flask was flushed 
with dry for 10 min. and the reaction conducted in the usual 
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manner for a period of one hour. On work-up in the usual 
manner , triphenylcarbinol (2.49 g, 96%) was obtained. No 
other product was detected. 

Reactio n of Trityl chloride with Fe(ll)r Molar ratio -1:0.5 
The reaction with new molar ratio was repeated using 
trityl chloride (2.785 g, 0.01 mol), iron(ll) oxalate (0,90 g, 
0,005 mol) and dry DMF (50 ml) under otherwise identical condi- 
tions. The reaction was worked up as described above. Separa- 
tion of products on a silica-gel colimn using petroleum ether 
(b.p. 60-80®) and petroleum ether (b.p. 60-80°) : benzene mixture 
50:50 (v/v) yielded triphenylme thane (0,26 g, ^ 11%) and tri- 
phenylcarbinol (2.10 g,/%/81%) , 

Reaction of Trityl chloride with Fe(ll); Molar ratio -1:0.25 
The above reaction was repeated using trityl chloride 
(2.785 g, 0,01 mol), iron(ll) oxalate (0,45 g, 0.0025 mol) and 
dry DMF (50 ml) under otherwise similar conditions. Separation 
of products in the usual manner yielded triphenylme thane (0.170 g, 
^7%) and triphenylcarbinol (2.24 g,y.>86%) . 

Reaction of Trityl chloride with Fe(ll); Molar ratio -1:1 (under 
0^ atmosphere) 

In a 100 ml 3- necked flask were placed trityl chloride 
(2.785 g, 0.01 mol), iron (ll) Oxalate (l.80 g, 0.01 mol) and 
dry DMF (50 ml) . The flask was connected to an oxygen gas 
cylinder through a gas passing adaptor. Oxygen was bubbled 
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in the solution continuously. The contents of the flask were 
heated in an oil-bath over a terrperature range of 155-160® for 
1 hri After this period^ the oil-bath was removed and the 
contents of the flask cooled to room tenperature. The reaction 
was worked up in the usual manner. Separation of products on a 
silica-gel column using petroleum ether (b.p. 60-80'*) and petro- 
leum ether (b.p. 60-80®) :benzene mixture 50:50 (v/v) as eluants 
yielded traces of triphenylme thane and (2.42 g,^93%) of tri- 
phenylcarbinol. 

Reaction of Trltyl chloride with Fe(ll); Molar ratio - 1; 1 (in 
presence of cyclohexene) 

In a 100 ml 3-necked flask were placed trityl chloride 
(2.785 g, 0,01 mol), iron(Il) oxalate (1.80 g, 0.01 mol), cyclo- 
hexene (8.20 g, 0,1 mol) and dry I^NIF (50 ml). The flask was 
flushed with dry for 10 min. and the reaction conducted under 
otherwise identical conditions by heating for 1 hr. Separation 
of products in the usual manner gave triphenylme thane (0.500 g, 
A/ 21%) and triphenylcarbinol (1.82 

Reaction of Benzyl chloride with Co (II); Molar ratio - 1: 1 

In a 100 ml 3 necked flask, mounted over a magnetic stirr- 
ing base and fitted with a condenser, a mercury trap and a gas 
passing adaptor were placed benzyl chloride (1.265 g, 0.01 mol), 
Co(Il)Cl 2 (1.30 g, 0.01 mol) and dry DMF (50 ml). The contents 
of the flask were flushed with dry N 2 for 10 min. and then 
heated in an oil-bath over a tenperature range of 155-160®C for 
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a period of 1 hr. The oil-bath was then removed and the 
mixture in the flash cooled to room temperature* The reaction 
mixture was subjected to GLC as such. GLC analyses using 10% 
SE-30 on Crom-P (85-100 M) column of 2 m length indicated the 
presence of benzaldehyde (trace amount), benzyl alcohol (0.086 g, 
^Q%) , unreacted benzyl chloride (0.594 , benzyldimethyl- 

amine (0.081 g,/^6%) and bibenzyl (0.045 g, 5%) by calibration 
method. 

Reaction of 4-Hitrobenzvl bromide with Co(ll); Molar ratio -1:1 
4-Nitrobenzyl bromide (2.16 g, 0.01 mol), Co(Il)Cl 2 
(1.30 g, 0.01 mol) and dry BMP (50 ml) were placed in a 100 ml 
3-necked flask mounted over a magnetic stirring base and fitted 
with a mercury trap, a condenser and a gas passing adaptor. The 
flask was flushed with dry nitrogen and the contents of the 
flask heated in an oil-bath over a temperature range of 155 - 160 <’ 
for 1 hr. After this period, the flask was cooled to room tempe- 
rature and the mixture subjected to GLC analysis. The GLC analy- 
sis of the reaction mixture using 10% SE-30 on Crom-P (85-100 M) 
column of 2 m length indicated the presence of 4-nitrotoluene 
(trace amount), 4 -nitrobenzaldehyde (0.076 g,^ 5%), 4-nitro- 
benzylalcohol (0.061 g,^4%) and 4 -nitrobenzyl dimethyl amine 
(1. 278 hy calibration method. The reaction mixture 

was then worked up by adding to acidified water. The products 
were extracted with solvent ether. The ethereal extract was 
washed with water and dried over MgSO^(anhyd. ) , After 
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concentration of the dried ethereal extract/ the mixture was 
charged on a silica-gel column. Elution of the column with 
benzene gave 4/ 4 ' -dinitrobibenzyl (0.082 g,v<i/6%). This was 
confirmed by its m.p., mixed m.p, and comparison of IR spectrum 
with that of an authentic sample. 

Reaction of 9-3romofluorene with CoCll); Molar ratio - 1:1 

9-Bromofluorene (2.45 q, 0.01 mol), Co(Il)Cl 2 (l.30 g, 

0,01 mol) and dry DMF (50 ml) were placed in a flask mounted 
over a magnetic stirring base under an atmosphere of nitrogen. 

The flask was heated in an oil— bath over a temperature range 
of 155-160 °C for 1 hr. After this period, the oil-bath was 
removed and the contents of the flask cooled to room teirpera- 
ture. The reaction mixture was worked up after adding to acidi- 
fied water. The products were extracted with solvent ether. 

The aqueous layer was made just alkaline and again extracted 
with ether. The combined ethereal extracts were washed with 
water and dried over MgSO^ (anhyd.) and then concentrated to 
give a mixture which showed six spots on tic. The mixture was 
charged on a silica-gel column. Elution of the column with 
petroleum ether (b,p. 60-80'>), petroleum ether (b.p. 60-80‘»): 
benzene mixture 50:50 (v/v) and benzene gave fluorene (0.033 g, 
^2%), 9 / 9 '-bifluorenyl (0.247 g,^15%), bif luorenylidene (trace 
amount), fluorenone (0,252 g//^14%), 9-fluorenol (0.415 g,^23%) 
and 9- fluorenyl dimethyl amine (0.79 g, /%/ 38%) . 
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Reac-fcion of 9-Fluorenol with Co (III) 

In a 100 ml 3--nec]ced flask# mounted over a magnetic stirr- 

..j. 

ing base# were placed 9-fluorenol (1.82 g# 0.01 mol)# (Co en 2 Cl 2 ) - 
Cl (2.86 g# 0.01 mol? where en = ethylenediamine) and 50 ml of 
dry iOMF. The flask was flushed with dry ^2 for 10 min. and 
heated in an oil-bath over a terrperature range of 155-160°C for 
1 hr. The oil-bath was removed after this period and the reac- 
tion mixture cooled to room tenperature. The reaction was worked 
up after adding it to water. The products were extracted with 
solvent ether# the ethereal extract washed with water and dried 
over MgSO^ (anhyd.). On concentration of the ethereal extract# 
a concentrate was obtained which on tic showed two spots corres- 
ponding to fluorenone and 9-fluorenol, The mixture was charged 
on a silica-gel column. Elution of the col\imn with petroleum 
ether (b.p. 60-80”) followed by benzene yielded fluorenone 
(0.230 g#/>yl3%) and unreacted 9-fluorenol (1.495 g# 83%) , The 
products were identified by m.p.# mixed m.p, technique and 
comparison of their IR spectra with those of the authentic 

samples. 

Reaction of Fluorenone wit h Co(Il) 

In a 3-necked flask# mounted over a magnetic stirring 
base were placed fluorenone (1.80 g# 0,01 mol)# Co(ll)Cl 2 
(1.30 g# 0.01 mol) and dry DMF (50 ml). The reaction was con- 
ducted in the manner outlined above for 1 hr under atmosphere. 
The reaction mixture was worked up after adding to acidified 
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water and the products separated on a silica-gel column by 
elution with petroleum ether (b.p. 60-80*) and benzene. 

Unreacted fluorenone (1,7 25 g, r%^96%) and 9-flaorenol (0,035 g, 
/^2%) were obtained in this manner. 

Reaction of 9, 9'-Bifluorenvl with Co(lll) 

9, 9 '-Bifluorenyl (1.65 g, 0,005 mol) (Co en 2 Cl 2 ) Cl 
(2.86 g, 0.01 mol; where en = ethylenediamine) and dry DMF 
(50 ml) were placed in a 100 ml 3-necked RB flask mounted over 
a magnetic stirring base. The flask was heated in a oil-bath 
over a tenperature range of 155-160* for 1 hr under an atmos- 
phere of nitrogen. After this period, the oil-bath was removed 
and the reaction mixture worked up after cooling and addition 
to acidified water, TLC of the crude mixture showed spots 
corresponding to 9 , 9 '-bif luorenylidene and 9, 9'-bifluorenyl. 

Reaction of 9 , 9 '-Eifluorenyl wit h Fe(IIl) 

9,9'-Bifluorenyl (1.65 g, 0.005 mol) and iron (III) nitrate 
(3.50 g, 0.01 mol) in a total of 50 ml of dry DMF were taken in 
a flask and heated in an oil-bath over a temperature range of 
155- 160 *C for a period of 1 hr under an atmosphere of nitrogen. 
After this period, the oil-bath was removed and the reaction 
mixture worked up after addition to acidified water. TLC of 
the crude product mixture indicated spots corresponding to 
9, 9 ' -bifluorenylidene and 9, 9'-bifluorenyl, 
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CHAPTER V 


ROLE OF COBALT CATALYSTS IN THE 
REACTIONS OP GRIGNARD REAGENTS 
WITH ORGANIC HALIDES 


1 Abstract 

Reactions of benzyl magnesium chloride and phenyl magnesium 
bromide with several organic halides viz. benzyl chloride, benz- 
hydryl chloride, trityl chloride, 9--bromof luorene and bromoben- 
zene in presence of catalytic amounts of Co{ll) or Co(lll) 
compounds in THF under nitrogen atmosphere have been compared 
with the corresponding uncatalysed reactions. Cobalt catalysts 
have been found to enhance the yields of homo-coupling products 
derived from both components (i.e. Grignard reagent as well as 
organic halide) at the esgsense of the cross- coupling products. 
Based on the observations of a large number of reactions, a new 
chain mechanism involving Co^ species as the active catalyst in 
all the reactions (whether initial catalyst is Co or Co ) 
has been suggested. The role of Co'^ species as a supernucleo- 
phile has been highlighted. A clear distinction between Co^ 
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species suggested here and metallic cobalt (suggested in the 
literature earlier) with regard to the actual active catalyst 
in these reactions has not been possible. Free radicals have 
been proposed as immediate precursors of all dimeric products. 


V. 2 Introduction 

The discovery of Grignard reagents / reported in 1900 by 

-I ^ ^ 

Victor Grignard'^ has been one of the major events in the history 

of chemistry. So great is the irrportance of Grignard reagents 

that the discoverer V. Grignard was awarded the Nobel prize in 

Chemistry in 1912 for the discovery and extensive work on this 

reagent. Inspite of its tremendous synthetic importance, our 

understanding of the nature and structure of this reagent in 

solution and mechanisms of its reactions have progressed at a 

very slow rate. Though its structure is commonly written as 

4 

RMgX, the reagent is actually much more complicated. 

Schlenk and Schlenk^ proposed that in solution, RMgX is 
in equilibrium with R 2 Mg (Eq. l) ; 

2 RMgX R^Mg + MgX^ R 2 Mg.MgX 2 .. Cl) 

Rundle and coworkers^ demonstrated with the help of X-ray 
studies on solids crystallized from Grignard solutions that it 
has got a monomeric structure with each RMgX associated to two ^ 
ether molecules. X-ray data after complete removal of ether 
showed^ the absence of any RMgX; but demonstrated the presence 
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of a mixture of R^Mg and MgX^. Measurements on the boiling 

8 

point elevation and freezing point depression have sho'wn that 

Grignard reagents prepared from alkyl bromides and iodi'i^s exist 

as monomeric species/ in diethyl ether at lower concentrations 

-0, IM) and inlHF at all concentrations. That the Schlenk 

equilibrium lies far to the left was shown by heat evolution 

9 

study on mixing equimolar quantities of R^g and ^ 9 X 2 * 

The formation of Grignard reagents itself from alkyl 
halides and magnesium metal has been recently reported to 
proceed by electron transfer frcsn magnesium metal to alkyl 
halide^^"^^ (Scheme V.l>: 


SCHEME V. 1 


R-X + Mg > Fr-x] * + Mg"^ 

RR + RH + R(-H R + MgX 


RMgX 


Grignard reagents undergo several types of reactions 
Many of these reactions show characteristics of homolytic 
processes.^' The reaction of Grignard reagents with 
oxygen has been known for a long time^^' (Eqs. 2 and 3) : 


RMgX + O 2 ROOMgX 

ROOMgX + RMgX ^ 2 ROMgX • * 

Recent studies have proved the involvement of free radi- 
cals^^'^^ in these reactions which were previously believed to 
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be taking place through an ionic mechanism. Free radical 

26 — 3 1 

pathways have been indicated for both the steps ~ (Eqs. 2 
and 3) . 

The mechanism of the reaction of Grignard reagents with 

ketones is not well understood. The exact nature of alkyl 

transfer from the Grignard reagoit to the ketone, whether it 

proceeds by a polar or a single electron transfer has been a 

3 o 

source of considerable speculation; but an electron transfer 
mechanism in the reactions of Grignard reagents with certain 
carbonyl conpounds is now well recognized. 

Singh and coworkers^^ have proposed electron transfer as 
the first step in the reaction of Grignard reagents with alkyl 
halides according to Scheme V. 2: 


SCHEME V. 2 


— C-X + RMgX 


fast 

step 


> 




C-X Mg 


slow 

Jlc* 4- ■ 

1 

“Tn 

/ 

step ^ 

L- 


4* .R 

> 

--C-R 



y 


y 

•f 

— > 

— c-c~ 




R- 

+ -R 

> 

' R-R 



Transition metal catalysts have been found to play 
significant roles in the formation of aromatic pinacols and 
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hydrols during Grignard reagent addition to ketones. Transi- 
tion metals have also been used in the cross coupling of 
Grignard reagents with organic halides. 

The coupling of a Grignard reagent with an alkyl halide 
catalysed by silver affords a mixture of three alkyl dimers 
(Eq. 4) when dissimilar alkyl groups are errployed. 

Ag^ 

RMgBr + R‘Br ^ RR + RR* + R'R' + MgBr 2 .. (4) 

The scrambling of alkyl groups in the coupled products is not 

due to prior alkyl exchange between the Grignard reagent and 

the organic halide. Scheme V. 3 summarizes the pathway proposed 

. 35 

for the catalytic coupling reaction. 

SGIiEME V. 3 

RMgX + AgX > 

RAg + R'Ag ^ 

Ag + R'X > 

R.' + Ag ^ 

Grignard reagents, in the presence of iron species, 
behave quite differently from that observed with silver. 
Disproportionation, not coupling, of alkyl groups occurs as 
a result of iron- catalysed reaction of Grignard reagents with 
alkyl halides. Thus, a mixture of alkanes and alkenes, and 


RAg + MgX 2 

I^R, RR', + 2 Ag 

AgX + R'. 

R'Ag 
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no significant amounts of alkyl dimers# are obtained^^ (Eq.5): 

[Fel 

CH3CH2MgBr + CH^CH^Br ~^> CH^CH^ + CH^=CH^ + MgBr^ .. (5) 

Stoichiometry studies and ESR studies of the iron 
38 

product suggest that a paramagnetic iron(l) species is the 

active catalyst. The order of reactivities of alkyl bromides 

and the kinetics of disproportionation are the same as found 

in the silver catalysed coupling and therefore# suggest a 

3 6 

similar mechanism (Scheme V. 4): 

SCHEME V.4 

RMgBr + Ee^^Br — ^ RFe^^ + MgBr 2 

+ I^R (-H) # R ' (- 

Br + r'* 

II 


IT TT 

RFe + R'Fe 


J^RH# R'f^ 


Fe^ + R'Br ^ Fe 


II 


R '• + Fe^ 


R'Fe 


H)^ +2Fe^ 


The mixtures of all four alkanes and alkenes derived from the 
reaction of Grignard reagents and organic halides utilizing 
different alkyl groups arise from the deconposition of organo- 
iron species in second step of Scheme V, 4. 

Disproportionation may also proceed from a di alkyl iron (II) 
species as in the third step of Scheme V.5. Such a dispropor- 
tionation leads to an alternative mechanism for catalysis 
(Scheme V. 5); 
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SCHEME V.5 

RMgBr + Fe^Br ^ RFe^ + MgBr^ 

RFe^ + R'Br ^ RFe^^Br +R* R'RFe^^^Br 

(-H), + Fe^Br 


R'RFe ■^■^Br 




R’H, 


rh] 




Scheme V.5 is basically the same as Scheme V. 4. The difference 
lies in the organoiron species which readily undergo dispropor- 
tionation. However, under the same conditions, vinylic halides 

undergo cross coupling even with secondary and tertiary alkyl- 

39 

magnesium halides. The cross-coupling proceeds with stereo- 
40 

specificity (Eqs. 6 and 7): 


RMgBr + 


RMgBr + 

Br 



The mechanism proposed for these reactions is shown in 
Scheme V. 6 : 


. C6) 

. (7) 


SCHEME V.6 


RMgBr + Fe^ > R-Fe^-MgBr 

IL IL 31 

R— Pe^— MgBr + BrCH=CH,CH 2 — — ^ R— Fe — CHsiCH.CH^ + MgBr^ 
R-Fe^^^-CH=CH.CH3 > R-CH=CH-CH3 + Fe^ 


This is a cyclic mechanism. In order to maintain stereo- 
specificity, the oxidative addition of bromopropene in second 
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The second step has the earmarks of a displacement process# 
being fastest with primary and slower with secondary and 
terti ary- alkyl halides. Indeed, the latter are so slow that 
the competing decorcposition of alkyl copper (l) species becomes 
the major reaction. Catalytic disproportionation proceeds by 
a homolytic mechanism ' in which copper (O) plays a role 
similar to that by iron as shown in Schemes V.4 and V.5. 

Vinylic iodides also undergo nucleophilic substitution at 
carbon with various Grignard reagents in the presence of cata— 
lytic amounts of copper salts. The reaction occurs with 
retention of configuration. 

The selective coupling of Grignard reagents with vinyl 

49,51-53 

or aryl halides is also catalysed by various nickel coitplexes 
(Eq. 9): 

n-BuMgBr + PhBr ^ n-BuPh + MgBrCl .. (9) 


Since a variety of organonickel coirplexes are known, the 
mechanism of nickel catalysis is amenable to greater scrutiny 

54 

than the iron system. The mechanism proposed for such react- 
ions is outlined in Scheme V. 8; 


SCHEME V.8 


L 2 Ni(Ar)CH 3 + ArX 

L 2 Ni ( Ar) > 

L 2 Ni'*' + ArX* > 

L^NiArX + CH^m > 


L 2 Ni (Ar) CH^'^ ArX* 
L^Hi'*' + ArCH^ 
L^NiArX 

mX + L 2 Ni<Ar)CH 3 
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where^ L =PPh2 and m =MgX or Li. It is likely that the reactions 
outlined in first three equations occur in one or two steps or 
in rapid succession before any of the intermediates diffuse 
apart. Such a simultaneous oxidation and transfer of an aryl 
group is difficult to distinguish from a stepwise process. 
However ^ the retention of stereochemistry at the vinylic centres 
in cis- and trans-^-bromostyrenes during cross coupling with 
phenyl magnesium bromide^'^ indicates that organic free radicals 
do not intervene in these reactions. 

The cross-coupling of aryl halides with Grignard reagents 
catalysed by Pd cortplexes^^ gave a variety of biaryls and alkyl- 
benzenes (Eq. lO) : 


PhMgBr + Phi 


(Ph.P) .Pd(Ph)I 

2 — ^ > 


Ph-Ph 


. . ( 10 ) 


Cobalt compounds have also been employed as catalysts in 
the coupling of Grignard reagents with organic halides. These 
reactions are more commonly known as Kharasch reactions. Kharasch 
himself suggested^' that cobaltous subhalide was the actual 
catalytic species and that equimolar quantities of the Grignard 
reagent and the halide decoaposed to free radicals (Scheme V. 9 )! 

SCHEME V .9 


RMgX + C0X2 > RCOX + MgX2 

RCOX ^ R* h 

^ R' . + C0X2 


R'X + *CoX 
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NoriTian and Waters provided supporting evidence for the above 
steps based on the formation of a deri /ative of anthracene 
resulting from the attack by the radical CH^ChOC^H^ in the 
reaction of methyl magnesium iodide with iodomethane in pre- 
sence of cobaltous chloride and anthracene. The radical is 
supposed to have been formed according to Eq. (ll): 

CH 3 + C^H^OC^H^ ^ CH^ + CH^CHOC^Hg .. (ll) 

However, Kharasch and Urry had already raised doub_,ts on the 
application of simple hydrogen abstraction step shown in Eq. (ll) . 
They observed that whereas free propyl radicals in solvent ether 
mainly abstracted hydrogen from the solvent to give propane, 
Kharasch reactions of propyl magnesium chloride with various 
alkvl halides yielded almost equal amounts of propane and propane, 
Kharasch and Urry^® therefore, suggested that the propane and 
propene arose from a free radical/Grignard reagent/ether complex 
and that the free radicals in the complex could disproportionate 
more readily than free radicals in solution could. 

Wilds and McCormack^*^ suggested that the cobalt metal was 
the active catalyst which attacked the organic halide x^'X 
(anethole hydromide) as shown in ocheme V. 10: 

SCHEME V. 10 

2 RMgX + C 0 X 2 ->* ^2^° ^ 

P^^Co ^ RH, R(-H) + Co 

2 R*' + ^0^2 


2 R'X + Co 
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Later, Frey suggested a scheme in which both the Grignard 
reagent and the organic halide were necessary for the cobalt 
metal to react (Scheme V, ii); 


SCHEME V. 11 

2 RMgX + CoX^ > R^Co + 2 MgX^ 

R^Co > 2 R* + Co 

RMgX + Co + R'X ^ RCoR' + MgX 2 

rCoR' ^ R* + r'. + Co 


S 2 

Tsutsui proposed the formation of diphenyl cobalt 

intermediate that decomposed in a ’’fT''- radical hybridisation 

step" to give diphenyl in the catalysed reactions of phenyl 

6 3 

magnesium bromide. Parker and Noller reported that only a 
part of the products were derived from free radicals and the 
remaining products were formed by a non- free radical mechanism. 
They suggested that a catalyst complex, involving both alkyl 
halide and Grignard reagent, was formed and subsequently 
decomposed to give alkane from the alkyl halide and alkene from 
the Grignard reagent. Costa and coworkers^'^ also suggested 
that a catalyst corrplex (I) was formed which reacted with alkyl 
halide, liberating free-radicals (Eq, 12) : 


Cl. Br 

Mg Co Mg 

^CH^ ^Br 

(I) 


+CH2Br 

- 2 CH 3 




(CH3) 2Mg 

MgBr2 


Cl. , Br 
Mg _ Co^ Mg 

\ K / 

^ Br ^ Br 


.. (12) 
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Costa and coworkers did not discuss the reactions of these 

64 -u 

radicals^ but suggested that this aspect of the Kharasch 

reaction merited further study. 

It is evident from the above discussion that there is no 
general agreement as to the nature of the reactive catalyst and 
the mechanism involved in the Kharasch reaction. We^ therefore, 
decided to study in some detail, the mechanism of homo-coupling 
and cross-coupling in some reactions of Grignard reagents with 
benzylic halides in the presence of cobalt catalysts. 


V. 3 Results and Discussion 

A large number of reactions of Grignard reagents (RMgX) 
with organic halides (R'Y) in the absence of any metal catalysts 
are known^^ to give products attributable to free radical inter- 
mediates (Eq. 13) : 

KMgX + R'i —> R-R' + R-K + R'-R' + R'” * R'R * R’ 

.. (13) 


intermediacy of radicals is evident from our results on the 
reactions of two Grignard reagents namely, benzyl magnesium 
chloride and phenyl magnesium brorcida with organic halide viz. 
benzyl chloride, benzhydryl chloride, trityl chloride, 9 -bromo- 
fluorene and bromobenzene (Table V.l) wherein not only the homo- 
coupling and cross - coupling products are obtained but also the 
presence of radical species is indicated by ESR signals in 
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appropriately designed experiments. 

Table V. 1 . Reaction of Grignard reagents^ RMgX (0.01 mol) with 
organic halides, R'Y (O.Ol mol) in THF for 3 hr. 


Run 

RMgX 

R'Y 

% Yield 

of products 






R-R* 

R-R^ 

R'-R' 

1 

PhCH^MgCl 

9-Bromofluorene 

38 

47 

44 

2 

PhCH^MgCl 

Benzhydryl chloride 

37 

48 

32 

3 

PhCH^MgCl 

Tr i tyl ch 1 or i de 

44 

48 

27 

4 

PhCH2MgCl 

Bromobenzene 

28 

46 

4 

5 

PhMgBr 

Benzyl chloride 

41 

4 

33 

6 

PhMgBr 

9-Bromofluorene 

35 

7 

43 

7 

PhMgBr 

Benzhydryl chloride 

45 

6 

36 

8 

PhMgBr 

Trityl chloride 

46 

8 

35 


a, iiexas - 

and those of R-R on the Grignard reagents. 

b. In runs 4 through 8, substantial quantities of benzene 
Zlrl deteotea among the products but the yields wre not 

determined. 

c Yields of the products R-R are recorded in this table after 

SSSlucLg co?rection for the J™? "SS " 

formed during the preparation of the Grignard reagents. 


Based on chemical and ESR evidence as well as the cata- 
lytic effect of light on these reactions, Singh and coworkers 
have demonstrated the occurrence of an electron transfer free 

outlined in Scheme V* 12* 


33 


radical mechanism 
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SCHEME V. IP. 


R'_Y + R-Mg-X 




R 

I 

R' — Y Mg — X 


R 




Intxaiinolecular ET 
from R-Mg bond 
to R' 



+ MgXY + R 


3 


solvent cage 



+ MgXY + R 


•] 


solvent cage 

r' • + r'* 

R* + R* 
r' • + R* 


diffusion^ 


r'. + r. + MgXY 


> R ' -R ' 

> R-R 

■> R'-R 


It is known that the reactions of Grignard reagents with 

organic halides when conducted in the presence of catalytic 

amounts of cobaltous halides result in the enhanced yields of 

the homo-coupling products R'-R' and R-R at the e^^ense of 

66 

the cross-coupling products. In order to examine the mecha- 
nistic aspects of these types of cobalt catalysed reactions, 
we carried out reactions of benzyl magnesium chloride with 

9-bromofluorene and bromobenzene taken in equimolar quantities 

II 

separately in the presence of 10 mole per cent of Co Cl 2 * 
Similarly, the reaction between equimolar quantities of benzyl 
magnesium chloride and bromobenzene was also examined in the 
presence of 10 mole per cent of (Co en^Cl^)Cl. The results 
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are surnmarizecl in Table V. 2. 

Table V. 2 . Reaction of Grignard reagents# RMgX (Q.Ol mol) with 
organic halides, R'Y (O.Ol mol) in the presence of 
cobalt compounds (0.001 mol) in THF for 3 hr. 


Run 

Cobalt compound 

RMgX 

R'Y 

^ d 

% Yield of products 

R-R' 

IR-R^iR'-R' 'iR* Y^ 

» « * 

9 

Co^^Cl2 

PhCH^MgCl 

9-Bromo- 

fluorene 

5 

45 32 49 

10^ 

Co^^Cl^ 

PhCH^MgCl 

Bromo- 

benzene 

3 

43 24 50 

i^g.h 

(Co^^^en2Cl2)Cl 

PhCH^MgCl 

Bromo- 

benzene 

3 

48 25 54 


those of R~R on the Grignard reagents. 

e. Yields of the products R-R are recorded in this table after 
introducing correction for the amounts of this compound formed 
during the preparation of the Grignard reagent. 

f, Refers to the unreacted starting organic halide. 

g, small amounts of benzene were also detected among the products 
in runs 10 and 11? but yields were not determined. 

h. Symbol en in (Co^^^en 2 Cl 2 ) Cl refers to ethylenediamine. 


The results of Table V. 2 clearly indicate that the effect 
of both the CO (II) and Co (III) catalysts is to enhance the 
yields Of the homo-coupling products at the expense of the 
cross-coupling product? but approximately half of the starting 
halide remains unreacted m each reaction conducted with equi- 
molar quantities of the Grignard reagent and the organic halide. 
It IS apparent that for complete consumption of the organic 
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halide in these reactions, atleast double the molar quantity 
of the Grignard reagent is required. In view of these obser- 
vations, the organic halides (O.Ol mol) were reacted with 
Grignard reagents (0.022 mol) in the presence of Co Cl 2 
(0.001 mol). The results of these ejqjeriments are summarized 
in Table V, 3. 


Table V. 3 . Reaction of Grignard reagents, RMgX (0.022 mol) with 
organic halides, R'Y (0.01 mol) in the presence of 
Co^^Cl 2 (0.001 mol) in THF for 3 hr. 


RMgX 


% Yield of products '■ 
R-R' R-R^ R'-R' 


PhCH2MgCl 

PhCH2MgCl 

PhCH2MgGl 

PhCH2MgCl 

PhMgBr 

PhMgBr 

PhMgBr 

PhMgBr 


9-Bromofluorene 
Benzhydryl chloride 
Trityl chloride 
Bromobenzene 
Benzyl chloride 
9-Bromofluorene 
Benzhydryl chJ oride 
Trityl chloride 


1 , Yields of R-R' and R'-R' are based on the organic halide and 
those of R-R on the Grignard reagents. 

i In runs 15 through 19, substantial quantities of benzene were 
StSSted Long tL products but the yieldswere not detenraned, 

V v-.oT,^c: n-F the nroducts R-R are recorded in this table after 
Lt^oducing correction for the f 

formed during the preparation of the Grignard reagents. 
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Preferential formation of homo-coupling products was 
earlier rationalized by Kharasch and Fields^”^ in terms of the 
steps outlined in Scheme V, 13: 

SCHEME V. 13 

RMgX + Cod 2 > RCoCl + MgXCl 

2 RCoCl > R 2 + 2 CoCl 

R'Y -I- *C0C1 ^ r'. + CoClY 

This mechanism involving the intervention of a cobalt 
subhalide (RCoCl) was further elaborated later by Kharasch and 
coworkers. The mechanistic steps proposed by them are summa- 
rised in Scheme V. 14: 


SCHEME V. 14 

RMgX + CoCl^ ^ 

RCoCl 

2 R. 

R'Y + *CoCl > 

60 

In the meantime/ Wilds and McCormack proposed a mechanism 
which involved the intermediacy of metallic cobalt as active 
species* The steps of this mechanism are outlined in 


RCoCl + MgXCl 
R. + 'Cod 
R-R + R-H + R(-H) 
R.' + CoClY 


Scheme V, 15: 
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SCHEME V. 1 R 


2 RMgX + CoCl^ 



HjCa 

Co + 2 R'Y 



^2^0 + 2 MgXCl 
R2 + Co 

2 R- + CoY^ 

2 


Another mechanism proposed by Davies, Hey and Tiecoo®® also 

involves metallic cobalt as the active species as shovn in 
Scheme V. 16: 


SCHEME V. 16 


2 RMgX + Cod 2 
2 RMgX 4- Co 
R2C0 + 2 R'Y 


4- Co + 2 MgXCl 
R2C0 4- MgX2 4- Mg 
R2 + C0Y2 4- 2 r'- 


It xs noteworthy that out of the four preceding mechanistic 
schemes, only one in Scheme V. 16 accounts for the requirement 
of double the molar quantity of the Grignard reagent as corrpared 
to the organic halide* Davies, Done and Hey have, however, 
suggested that evidence collected by them points to the metal 
derived from the catalyst as the ‘active catalyst' rather than 
a metallic sub~halide or organometallic species. 

In order to test the reactivity of metallic cobalt, 

70 

Smith prepared 'active cobalt' by reduction of cobaltous 
chloride with sodium naphthalene and fo\and that it did not 
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react with ethyl bromide. This was confirmed by Frey, who 
also observed that addition of a Grignard reagent to cobaltous 
chloride in THF, produced metallic cobalt in a dark brown, 
finely-divided state. He showed that similar solutions, 
prepared by the reduction of Co^^Cl 2 with sodium naphthalene 
in THF would react with an organic halide only in the presence 
of Grignard reagent. 

While the mechanism outlined in Scheme V, 16 seems attrac- 
tive on the basis of above arguments, its occurrence becomes 
doubtful as we could not detect the formation of metallic magne- 
sium as suggested in it. An important point that has been missed 
by the earlier workers in this connection is the possibility of 
formation of Co(I) species by the reduction of CoCl^ with the 
Grignard reagent. Cobalt (I) species are known to have high 
nucleophilicity and their extreme reactivity has pronpted 
Schrauzer to coin the term, supernucleophile. 

suggest that cobalt catalysis resulting in the 
enhanced yields of the homo-coupling products at the expense 
of the cross-coupling products in the reactions of Grignard 
reagents with organic halides may involve Co(l) as the active 
catalyst. A chain mechanism which accounts for the observed 
facts and involves Co(l) species as the chain carrier in the 
reactions catalyzed by CoCl^ is outlined m Scheme V.17, 
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SCHEME V. 17 

Electron transfer rediiction of Co(ll) by Qriqnard reagent. 

R:MgX + Co^^Cl^ R. + Co^Cl + MgXCl .. (14) 

Nucleophilic attack by Co^ on the organic halide 

R'-Y + Co^ — > R'-CO^^^ + Y“ ..(15) 

Reduction of R'-Co^'^^ by Grignard reagent to R*-Co^ 

R'-CO^^^ R'-Co^^ > R'-Go^ ..(16) 


I 

Nucleophilic attack by R'-Co on the organic nallde 

R'-Co^ + R'-Y > R^ Co^^^ + Y" ..(17) 

Regeneration of Co^ by thermal decomposition of R 2 ' Co^^^ 

R^' Co^^^ > 2 R-' + Co^ — > R'-R* + Co^ ..(18) 


Coupling of radicals R» derived from oxidation of Grignard 
reagent 

2 R. ^ R-R .. (19) 


After the initiation step (14 ) , the steps (ife) through (18) 
constitute a chain. Nucleophilic action of Co^ as in step (15) 

In the event of this mechanisms being opera- 


is precedented. 
Ill 


72 


tive, Co^^^ compounds should like Co^^ compounds, catalyse the 
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reaction with only one extra step prior to step (14) as shown 
in Eq. (20): 

T- X I 

Co + R:MgX ^ Co^^ + R. + +MgX .. (20) 

Our results relating to Co catalysis in the reactions of 
Grignard reagents with organic halides as listed in Table V. 4 
are in accordance with this view. 


Table V, 4. Reaction of Grignard reagents, RMgX (0.022 mol) 
with organic halides, R'Y (O.Ol mol) in the 

TJT 

presence of (Co en 2 Cl 2 )Cl (O.OOl mol) in THE 
for 3 hr. 


Run 

RMgX 

R'Y 

% "fields of products^ 

R-R' 

r-r"^ 

R'-R' 

20 

PhCh2MgCl 

9-Bromofluorene 

8 

90 

67 

21 

PhCH2MgCl 

firomobenzene 

3 

84 

46 

22^ 

PhMgBr 

9 - B r omo f 1 uor en e 

2 

32 

70 


1, Yields of R-R ' and R'-R' are based on the organic halide 
and those of R-R on the Grignard reagents. 


m. Yields of the products R-R are recorded in this table after 
introducing correction for the amounts of these compounds 
formed during the preparation of the Grignard reagents. 

n. In runs 21 & 22, substantial quantity of benzene was also 
d^-t.:cted among the products but the yield was not determined. 


II 

Oxidstion of Gr'xgricLX'd rGagsnfs by Co ^^2 bh© 

XXX 

initiation step (14) and by Co species as in step (16) has 
been found to occur in our experiments listed in Table V,5, 
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Table V. 5 . Reactions of cobalt compounds (O.Ol mol) with only 
organic halide (O.Ol mol) or only Grignard reagents 
(0,01 mol) in THP for 3 hr. 


Run 

Cobalt compound 

Other 

reactant 

Dimeric product 

(% yield) 

23 

Co^^Cl^ 

PhCH^Cl 

PhCH -CH Ph 
2 2 

(18%) 

24 P 

Co^^Cl^ 

PhCH^MgCl 

PhCH^-CH^Ph 

(14%) 

25 ?/^ 

iCo^^^€.n^Cl^)Cl 

PhCH^MgCl 

PhCH^-CH^Ph 

(58%) 


p, i) Yields of the dimeric products are recorded in this table 

after introducing correction for the amounts of these 
compounds formed during the preparation of the Grignard 
ri-ag'.nts. 

n)In the presence of of methyl styrene (0.15 mol) runs 24 and 
25 gave lower yields of dimeric products and a polymeric 
product was produced in each case. 

q. Symbol en in (Co^^^en 2 Cl 2 ) Cl refers to ethylenediamine. 


Formation of radical intermediates corresponding to the alkyl 
group of the Grignard reagents is indicated by the experiments 
of runs 24 and 25 in the presence of o(, -methylstyrene, which 
produced a polymeric substance at the expense of tne dimeric 
products. Production of radicals derived from organic halides 
in their reactions with Grignard reagents in the presence of 
cobalt catalysts is already documented.’’'^ Step (15) in the 
case of bromobenzene might occur either by oxidative addition ^ 
with the supernucleophile Co’^ behaving as an unusually powerful 
nucleophile for the aryl halide or by a path similar to that 
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suggested in the literature for the formation of Ph^NiI^ 

from lodobenzene and a nickel comple> . The organocobalt 

compounds visualized as intermediates in Scheme V. 17 must be 

highly reactive, transient species making it unlikely to detect 
69 

them directly. 

In conclusion, vjq suggest that while uncatalysed reactions 
between Grignard reagents and organic halides yield cross-coupl- 
ing cind homo-coupling products by an electron transfer radical 
process outlined in Scheme V, 12, a major part of the reaction 
when catalysed by Co^"^ or Co^^^ species occurs by a chain process 
initiated by the electron transfer reduction of cobalt compound 
with the Grignard reagent, wherein Co may act as the active 
catalyst (Scheme V. 17). A distinction between this new sugges- 
tion and the earlier suggestions where metallic cobalt is 
proposed to be the active catalyst is not possible at this 

stage. 


V. 4 E^coerimental 

All the melting points were taken on MEL-TEMP melting 
point apparatus and are uncorreoted. IR spectra were recorded 
on Parkxn-Elmer moaels-137 and 580 spectrophotometers. ESR 
spectra were recorded on Varian model V-4502 EPR spectrometer 
system operating at X-band with 10 KC modulation. Coitpounds 
were characterised by compariaon of their IR epectra with those 
Of the authentic samples, melting points, TLC and mixed 
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melting point techniques. GLC analyses were carried out using 
a 10% SE-30 on Crorn-P (85-100 M) column of 2 m length. Litera- 
ture melting points are cited from "Handbook of Chemistry and 
PhysicS/ " 50th edition, R.C. Weast (Ed.), published by the 
Chemical Rubber Company, Cleaveland, Ohio, unless otherwise 
specified. Silica-gel (asc- India) was used for TLC analyses. 

THF was purified by the same method as described in Chapter II. 

btartinq Materials 

Benzyl chloride (E. Merck) and bromobenzene (P>T>S) were 
used after distillation, Maqnesium metal (BDI', Poole, Englad, 
Grignard Grade) was used after cleaning with methanol followed 
by ether and then drying in an oven at 60 '‘C for 1 hr. 9-Bromo- 
fluorene, benzhydryl chloride and trityl chloride were prepared 
by known procedures (ref. cited in previous chapters) . CoCl^ 
(BDH, Analar) was used and |co(en 2 Cl 2 )j Cl'^”’ where, en - H 2 NCH 2 - 
CH 2 NH 2 was prepared by the known method. 

Preparation of Grignard Reagents ; Benzyl magnesium chlor ide and 
Phenyl maqnesium bromide 

Benzyl magnesium chloride and phenyl magnesium bromide 
were prepared by standard procedures. In general, a perfectly 
dry 3-necked 250 ml R3 flask was mounted on a magnetic stirring 
base, fitted with a condenser, a gas passing adaptor and a 
dropping funnel. Benzyl chloride (0.Q125 mol or 0.028 mol) 
and bromobenzene (0.011 mol or 0.023 mol) were used during 
Grignard reagent preparation. Magnesium metal ( 10-15% in 
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excess of the stoichiometric amount) was placed in the flask 
and covered with dry THF (25 ml for the smaller quantity of 
the halide and 50 ml for the higher quantity of the halide) . 

A crystal of iodine was added and the reaction was started by 
slow addition of the organic halide dissolved in dry THF (25 ml 
smaller quantity of the halide and 50 ml for the higher 
quantity of the halide) , The addition of organic halide was 
regulated such that the reaction proceeded at a moderate rate 
with gentle refluxing. After 2-3 hr the reaction mixture was 
poured into v;ater and products extracted with ether. GLC 
analyses of the product mixture using a 10% 5E-30 on Crom-P 
(85-100 M) column of 2 m length indicated the presence of 
bibenzyl (-^20%) in the reactions of benzyl magnesium chloride 
and biphenyl (r^5%) in the reactions of bromobenzene, by cali- 
bration method. 

Reaction of Benzyl magnesium chloride with 9-Bromofluorene 

A solution of 9-bromofluorene (2.45 g, 0.01 mol) in dry 

THF (50 ml) was placed in a 250 ml RB flask mounted over a 

magnetic stirring base/ under N 2 atmosphere. Benzyl magnesium 
chloride solution (50 ml) prepared from benzyl chloride (l.58 g, 
0.0125 mol) was added to the flask under atmosphere. The 

mixture was refluxed for 3 hrs and the contents of the flask 

then cooled to room temperature. The reaction mixture was 
worked up after addition to acidified water. The products were 
extracted with ether and the ethereal extract dried over 
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MgSO^ (anhyd.). Column chromatography of the crude mixture 

on an activated silica-gel column using petroleum ether 

(b.p. 60-80°), petroleum ether (b.p. 60- 80°) -benzene (50:50 

v/v) and benzene as eluants gave bibenzyl 0.656 g, O-benzyl- 

fluorene (0,973 g,r~'38%) and 9, 9 ' -bifluorenyl (0.725 g,n^44®4). 

The effective yield of bibenzyl excluding its formation during 

the Grignard reagent preparation was 0.656 -0. 225 = 0.431 g (-^47%). 
The comu.ounds were characterized by mixed m.p. technique and 
comparison of IR spectra with those of authentic sample'=!. 

Reaction of Benzyl magnesium chloride with Benzhydryl chloride 
To a solution of benzhydryl chloride (2.02 g, 0.01 mol) 
in 50 ml of dry THF was added a solution of benzyl magnesium 
chloride (50 ml) prepared from benzyl chloride (1.58 g, 

0.0125 mol) under atmosphere. The reaction was carried out 
by refluxing the mixture for 3 hr after which the mixture was 
cooled to room temperature. The reaction mixture was worked 
up after addition to acidified water and the products extracted 
with solvent ether. Separation of products on an activated 
silica-gel column using petroleum ether (b.p. 60-80°), petroleum 
ether (60-80° ) -benzene (50:50 v/v) and benzene as eluants 
yielded bibenzyl (0,665 g) , 1, 1, 2-triphenylethane (0.95 g, 
ny31%) and l, 1 , ?, 2 - tetraphenyl ethane (0,53 g,/^'^32%) . The 
effective yield of bibenzyl in this reaction was 0.665 -0. 227 = 
0.438 g (/-'^48%) . The compounds were characterized by melting 
point, mixed m.p. technique and comparison of their IR spectra 
V 71 th those of the authentic samples. 
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Reacts on of Benzyl .TLaqnesium chloride with Trityl chloride 

To a solution of trityl chloride (2.78 g, 0.01 mol) in 
dry THP (50 ml) was added a solution of benzyl magnesium 
chloride prepared from benzyl chloride (].58 g, 0.0125 mol) 
in dry THF (50 ml) under atmosphere. A reddish-brown color 
appeared instantaneously which darkened on complete addition. 

The color faded to dull yellow with time. The reaction 
mixture was worked up and products extracted as usual. From 
the dried (MgSO^^) ethereal extract the solvent was removed. 

The crude mixture of products was chromatographed over silica- 
gel column using petroleum ether (b.p. 60-80“)/ petroleum ether- 
benzene, (50:50 v/v) and benzene as eluants. Products ootained 
in this manner were bibenzyl (0.66 g) , i, ] , 3 , 2 -tetrapnenylethane 
(1.4b g, 4i''A) and hexaphenyl ethane (l,31g, 27“/.) .The effective 

yield of bibenzyl, therefore, was 0.66 -0.237 = 0.433 g 
( 48‘/o) . The products were identified by m.p. , mix^d 

m.p. technique and comparison of their IR spectra with those 
of the authentic samples- VJhen this reaction was repeated in 
the cavity of ESR spectrometer, ESR signal .s were observed. The 
signals were not observed with pure reactants. 


Rp.ction of P^r^^.vl magnesium chlo ride with Bromobenz^ 

TO a solution of bromobenzene (1.57 g, 0.01 mol) in 50 ml 

solution of benzyl magnesium chloride in 
of dry THF was added a soiuriuii 


ary THP (50 nl) piepared from benzyl chloride <1.58 g, 0.0125 
mol) under atmosphere. The mixture was gently refluxed for 
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3 hr and then worked up as usual. TLC analyses of the concen- 
trated, dried ethereal extract showed spots corresponding to 
biphenyl/ diphenylmethane and bibenzyl* GLC analysis of the 
reaction mixture using a 10% SE-30 on Crom-P (85-100 M) column 
of 2 m length indicated the presence of diphenylmethane ^^28%, 
biphenyl and bibenzyl (^4 6% (excluding the amount formed 

during Grignard reagent preparation) by calibration method. 
Benzene was also detected among the products by GLC. 


Reaction of Phenyl magnesium bromide wit h Benzyl chloride 

A solution of benzyl chloride (1.27 g/ 0.01 mol) in 50 ml 
of dry THF was placed in a 3-necked flask mounted over a magne- 
tic stirring base under ^2 atmosphere. To it was added phenyl 
magnesium bromide solution (50 ml) prepared from bromobenzene 
(1.73 g, 0.011 mol) under atmosphere and the mixture gently 
refluxed for 3 hr. The contents of the flask were then cooled 
and added to acidified water. The products were extracted with 
ether, the ethereal extract washed with water and dried over an- 
hydrous MgSO^. solvent ether was removed at about 40-0. TLC 
analyses of the crude mixture of products showed spots corres- 
ponaing to biphenyl, aiphenytaethene and bibenzyl. GLC analysis 
of the mixture using a 10% SE-30 on Crom-P (85-100 M) column 
of 2 m length rnaioated the presence of biphenyl (excluding 

the amount formed during the Grignard reagent preparation) , 
diphenylmethane and bibenzyl by calibration method. 

Besides these products, a peat corresponding to benzene was 

also observed# 
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Rgsction of Phenyl maqnesliim bromide with 9-Bromofluorene 

To a solution of 9--broniofluoreno (2.45 g, 0.01 mol) in 
THF (50 ml) kept under pure and dry nitrogen^ was added a 
solution (50 ml) of phenyl magnesium bromide prepared from 

l, 73g of bromobenzene (0.011 mol) .The mixture was refluxed 
gently and worked up as in the above experiments. The products 
were extracted with ether, the extract washed with water and 
dried over anhydrous MgSO^. GLC analysis indicated the 
presence of benzene in the ethereal extract. Column chroma'- 
tography of the crude product mixture over activated silica- 
gel column Using petroleum ether (b.p. 60-80®) and petroleum 
ether-benzene (50:50 v/v) as eluants gave biphenyl 0.098 g, 

the effective yield being 0.098-0,042 = 0.056 g ('^7%), fluorene 
(0,065 g,,-'2 4%), 9-phenyl fluorene (0.84 g, 35%) and 9,9'-bi- 
fluorenyl (0.70 g,j^43%). The products were characterized by 

m, p./ mixed m.p. technique, TLC and corrparison of their IR 
spectra with those of the authentic samples. 


Reaction of Phenyl magnesium bromide with 'Benzhydr yl chloride 
To a solution of benzhydryl chloride (2.02 g, 0.01 mol) 
in THF (50 ml) was added a solution of phenyl magnesium bromide 
in 50 ml of THF prepared from bromobenzene (1.73 g, 0,011 mol) 
ander an atmosphere of The reaction mixture was refluxed 

gently for a period of 3 hr after which it was cooled to room 
teirperature and worked up after addition to acidified water. 
Extraction of products with solvent ether followed by washing. 
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the extract with water and drying over MgSO (anhyd. ) yielded 
a crude product mixture, the GLC analyses of which indicated 
the formation of benzene. The concentrated crude mixture of 
products v>7as subjected to column chromatography over an activa~ 
ted silica-gel column using petroleum ether (b.p. 60-80*) and 
petroleum ether (b.p. 60-80*) -benzene (SOsSO v/v) as eluants. 

The products obtained Were biphenyl 0.090 g, the effective 
yield due to the reaction being 0.090 -0.042 = 0.048, fJ^%, 
trtphenylmethane (1.09 g, /V 45%) and 1 , 1 , 2, 2-tetraphenylethane 
(0.60 g, /V36%) . The compounds were characterized by m. p., 
mixed m.p. technique and comparison of their IP spectra with 
those of the authetic samples. 


Reaction of Phenyl magnesium bromide with Trityl chloride 

To a solution of trityl chloride (2.78 g, 0.01 mol) in 
dry THP (50 ml) was added phenyl magnesium bromide solution 
(50 ml) prepared from bromobenzene (1.74 g, 0.011 mol) under 
conditions identical to those mentioned in the above experiment. 

A tan color was produced instantaneously which changed to cherry- 
red after 30 min. The color became dull with time and stayed 
yellow after an hour. Reaction was worked up in the usual 
manner. The product mixture obtained after concentrating the 
ethereal ixtract indica the formation of benzene and 

biphenyl, 0.105 g, the net yield of biphenyl, therefore, being 
0.105 - 0,042 = 0.639, (^-^8%) on GLC analysis using 10% SE-30 

on Crom-P (85-100 M) column of 2 m length. The product mixture 
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was then subjected to column chromatography using petroleum 
ether (b.p. 60- 80®), petroleum ether (b.p. 60-80®) -benzene 
(50:50 v/v) and benzene as eluants. The products obtained 
were tetraphenylmethane (1.47 q,r^A6%) and hexaphenylethane 
(0.85 g,,'w'35%). The products were identified by m.p., mixed 
m.p. technique and C, H analyses. 


Reaction of Benzyl magnesium chloride with 9-Bromof luorene in 
II 

presence of Co Cl^ 


In a 250 mi 3-necked flask, mounted over a magnetic 
stirring base, was placed 9-bromofluorene (2.45 g, 0.01 mol) 
and Co^^Cl^ (0.130 g, 0.001 mol) in 50 ml of dry THP. To this 
was added a solution of benzyl magnesium chloride in THF 


(50 ml) prepared from benzyl chloride (1.58 g, 0.0125 mol) 
under atmosphere. The reaction mixture was refluxed for 
a period of 3 hr after which it was cooled to room temperature 
and worked-up after addition to acidified water. The products 
were extracted with ether, the ethereal extract washed with 
water and dried over MgSO^ (anhyd.). The product mixture 
Obtained after evaporation of the solvent was charged on an 
activated slUoa-gel column and the products separated using 


petroleum etner (b.p. 60-66’) and petroleum ether (b.p. 60-66’). 

banaene (50.50, v/v) as eluants. The products obtained were 
bibcnayl (0.636 g) , 9-bromofluorene (1.20 g,-/49%), 9-benzyl- 
fluorene (0.17 g„-55() and 9, 9'-bifluorenyl (0.525 9,0-32%). 

The effective yield of blbensyl due to the reaction was 


0.638-0. 227 = 0.411g (a/4:5%) . 
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2. 14-0. 5 1 = 1. 63# /^81%) , 1, 1# 2- triphenyl ethane (0. 206 g#^8%) 
and 1# 1, 2# 2-tetraphenyl6thane (0.930 g,r^56%). 

Reaction of Benzyl magnesium chloride with Trltyl chloride 
in the presence of Co CI 2 

The reaction of trityl chloride (2.78 g# 0.01 mol) and 
II 

Co CI 2 (0,130 g, 0,001 mol) with benzyl magnesium chloride 
was carried out in the same way as the above ejqperiraents under 
identical conditions. Separation of products on a silica-gel 
column in the usual manner yielded bibenzyl 2. 2 g (including 
0,51 g formed in the preparation of Grignard reagent) the 
effective yield being 2, 20-0.51 = 1.69 g (>^4%), 1# 1, 1# 2-tetra- 
phenylethane (0.36 g##-'>ll%) and hexaphenyl ethane (1,58 g#r-'65%). 

Reaction of Benzyl magnesium chloride with Bromobenzene in the 
II 

presence of Co Cl^ 

The reaction of bromobenzene (l.57 g# 0.01 mol) taken 

in THF (50 ml) with benzyl magnesium chloride solution (lOO ml) 

prepared from benzyl chloride (3.54 g# 0,028 mol) in the 
IT 

presence of Co CI 2 (0.130 g, 0.001 mol) was carried out as 
the previous e 3 <periments. After extracting the products with 
ether and washing the ethereal extract with water# the ethereal 
extract, was dried over MgSO^ (anhyd.). The crude mixture of 
products obtained after concentration at about 40* was subjected 
to GLC analyses using a 10% SE— 30 "Jn Crom-P (85—100 M) 
column of 2 m length. The distribution of products in the 
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reaction mixture as indicated by calibration method was 
diphenylmethane (0.067 g,^4%) biphenyl (0, 346 g, /-^45'’4) and 
bibenzyl 1.97 g. Accounting for 0.51 g of bibenzyl formed 
during the Grignard reagent preparation, the net yield of 
bibenzyl is 1.97 g -0.51 g=: 1.46 g (/^■>'73?4). Benzene was also 
detected by GLC but its yield was not determined. 

Reaction of Phenyl magnesium bromide with Benzyl chloride in 

II "" 

the presence of Co Cl^ 

In a 3-necked flask, mounted over a magnetic stirring 
base were placed benzyl chloride (l,265 g, 0.01 mol), Co^^Cl 2 
(0,130 g, 0.001 mol) and 50 ml of dry THF. A solution of 
phenyl magnesium bromide prepared from bromobenzene (3.611 q, 
0.023 mol) in 100 mi of dry THF was added to it under 
atmosphere. The reaction mixture was refluxed for 3 hr, cooled 
to room temperature and then worked up after addition to acidi- 
fied water. The products were extracted with ether, the 
ethereal extract washed wiuh water and dried over MgSO^. The 
mixture of products obtained after concentration at about 40® 
was subjected to GLC analysis using a 10% SE-30 on Crom-P 
(85-100 M) column of 2 m length. Besides benzene, the forma- 
tion of diphenylmethane (0,141 g, r^5%) , bibenzyl (0.50 g,r-^55%) 
and biphenyl 0.57 g was noticed. Since 0.080 g Of biphenyl was 
formed during Grignard reagent preparation, the effective yield 
of biphenyl is 0.570 -0.080 =0.490 g (/'/29%). 



239 


Reaction of Phenyl magnesium bromide with 9-Bromo£luorene in 
the presence of Co^^Cl^ 

The above reaction was repeated using 9-bromofluorene 
(2.45 g, 0.01 mol) in place of benzyl chloride under otherwise 
identical reaction conditions. Separation of products on a 
silica-gel column as usual yielded biphenyl 0.590 g, 9-phenyl- 
fluorene (0.097 and 9, 9 ’-bif luorenyl (1,138 g,^69%) , 

The net yield of biphenyl due to the reaction was 0.590 -0.080 
= 0.510 g (■^-'"30%). Formation of benzene in the reaction was 
also noticed by GLC as usual. 

Reaction of Phenyl magnesium bromide with Benzhydryl chloride 
in the presence of Co^^Cl^ 

The reaction between benzhydryl chloride (2.02 g, 0.01 
IT 

mol), Co Cl^ (0.130 g, 0.001 mol) and phenyl magnesium bromide 
prepared from bromobenzene (3.611 g, 0.023 mol) in a total of 
150 ml of dry THF under atmosphere was carried out in the 
same manner as the above estperiments. After work-up of the 
reaction mixtTire in the usual manner, the products were separe 
ted on an activated silica-gel column using petroleum ether 
(b.p. 60-80®) and petroleum ether (b.p. 60-80®) -benzene (50:50, 
v/v) as eluants. The products obtained were biphenyl 0.538 g, 
triphenylmethane (0.075 g,/^3%) and 1, 1, 2, 2-tetraphenylethane 
(li65 g,/V70%). Since 0.080 g of biphenyl is formed during 
preparation of the Grignard reagent, the net yield of biphenyl 
obtained was 0.538 -0.080 =0.458 g ('^27%). Formation of 
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benzene in the reaction was detected by GLC* 

Reaction of Phenyl magnesium bromide with Trltyl chloride 
in the presence of Co^^Cl^ 

The above reaction was repeated using trityl chloride 
(2.78 g, 0.01 mol) in place of benzhydryl chloride under 
otherwise identical conditions- Separation of products in 
the usual manner yielded biphenyl 0.49 g, tetraphenylme thane 
(0.125 and hexaphenylethane (1.77 g,/^y73%). The yield 

of biphenyl after correcting for its formation during the 
Grignard reagent preparation is 0.490 -0.080 =0.410 g (.--^24%). 
Benzene was detected among the products of the reaction by GLC 
method. 

Reaction of Benzyl magnesium chloride with 9-Bromofluorene in 

III 

the presence of Co complex 

In a 250 ml 3- necked flasks mounted over a magnetic 
stirring base were placed 9-broinofluorene (2.45 g, 0.01 mol), 
(Co^^^en 2 Cl 2 ) Cl (0.286 g, 0.001 mol) and dry THP (50 ml). A 
solution of benzyl magnesium chloride prepared from (3,54 q, 
0.028 mol) of benzyl chloride in 100 ml of dry THP was added 
to the 3-necked flask under atmosphere. The reaction 
mixture was refluxed for a period of 3 hr after which it was 
cooled to room temperature and worked up as usual. Separation 
of products on a silica-gel column yielded bibenzyl 2.31 g, 
9-benzylfluorene (0.20 g, /v8%) and 9, 9'-bifluorsnyl (l.lO q, 
^eTA) . The net yield of bibenzyl due to the reaction is 



2.31-0,51=1,80 g {r^90%) , 


Reaction of Benzyl magnesium chloride with Bromob enzene in the 

^ „ III — — — 

presence of Co complex 

The above reaction was repeated using bromobenzene (l,57 g, 
0.01 mol) in place of 9-bromofluorene. The reaction mixture 
was worked up after addition to acidified water. The products 
were extracted with ether, the ethereal extract washed with 
water and dried over MgSO^. The GLC analyses of the product 
mixture obtained after concentration of the ethereal extract 
at about 40°, using a 10?o SE-30 on Crom-P (85-100 M) column 
of 2 m length indicated the formation of benzene, diphenylmethane 
(0.050 g,/^>3%) / biphenyl (0.354 g,/'^46%) and bibenzyl 2.19 g. 

The net yield of bibenzyl due to the reaction with the halide 
is 2.19 -0.51 =1.68g(-B4%) . 

Reaction of Phenyl magnesium bromide with 9-Bromofluorene in 

III 

the presence of Co complex 

In a 250 ml 3-necked flask were placed 9-bromofluorene 

ITT 

(2,45 g, 0.01 mol), (Co en^Cl 2 )Cl (0. 286 g, 0.001 mol) and 
dry THF (50 ml). To this was added a solution of phenyl- 
magnesium bromide prepared from 3.611 g ( 0,023 mol ) of bromo- 
benzene in 100 ml of dry THF. The reaction was conducted in 
the manner described above. Separation of products on a silica- 
gel column using petroleum ether (b.p. 60-66°) and petroleum 
ether (b.p. 60-66° ) -benzene (50:50, v/v) yielded 0.62 g of 
biphenyl, 0.050 g {r^2%) of 9-phenyl fluorene and 1,15 g (>^'70%) 
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of 9, 9 ‘-bifluorenyl. The effective yield of biphenyl in the 
reaction was 0.62 - 0.080 = 0.54 g (/^32%). Formation of 
benzene in the reaction was detected cy GLC method. 

Reaction of CoCl ^ with Benzyl chloride 

To a solution of benzyl chloride (1.265 g, 0,01 mol) in 

dry THP (50 ml) kept under nitrogen atmosphere, was added 
II 

Co Cl^ (l.30 g, 0.01 mol). The mixture was refluxed for 3 hr, 
ttien cooled to room tenperature and poured into acidified water. 
The mixture was extracted with ether, the ethereal extract 
washed with water and dried (MgsO^) . After removal of the 
solvent, the resultant mixture was subjected to GLC analysis 
using a 10% SE-30 on Crom-P (85-100 M) column of 2 m length 
which indicated the presence of bibenzyl (0.164 g, /^18%) and 
benzyl chloride (l.Ol g,,-'‘80%). 

II 

Reaction of Benzy’-l magnesium chloride with Co Cl^ 

To a 250 ml 3-necked flask containing benzyl magnesium 

chloride prepared from benzyl chloride (1.58 g, 0.0125 mol) 

II 

in THF (50 ml) kept under atmosphere was added Co Cl^ 

(1.30 g, 0.01 mol). A dark color appeared immediately on the 
II 

addition of Co Cl 2 . The reaction mixture was refluxed for 
3 hr and then vrorked up as usual. GLC analysis of the crude 
product using a 10% 3E-30 on Crom-P (85-100 M) column of 2 m 
length indicated the formation of bibenzyl (O. 387 g, /V34%) 
by calibration method. This includes ,^20% bibenzyl formed 
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during the Grignard reagent preparation, so the effective 
yield of bibenzyl was ^14%. 

Repetition of the above experiment in the presence of 
,^-methyl styrene (17.7 g, 0.15 mol) resulted in the formation 
of a polymeric material along with bibenzyl. On comparison 
with the above reaction by TLC showed the formation of bibenzyl 
in diminished yield. 

Ill 

Reaction of Benzyl magnesium chloride with (Co en 2 Cl 2 )Cl 

The reaction of benzyl magnesium chloride prepared from 

benzyl chloride (1.58 g, 0.125 mol) in THF (50 ml) was conducted 
III 

with (Co en 201^)01 (2.86 g, 0.01 mol) under dry nitrogen 
atmosphere for 3 hr and then worked up after addition to 
acidified water. The mixture was extracted with ether, the 
ethereal extract washed with water and dried over MgSO^ (anhyd. ) 
GLC analysis of the concentrated product mixture using a 10% 
SE-30 on Crom-P (85-100 M) column of 2 m length indicated the 
formation of 0.71 g (/^ 78%) of bibenzyl including /^20% of 
bibenzyl formed during the Grignard reagent preparation. So 
the effective yield of bibenzyl in this reaction is 58%. 

Repetition of the above experiment in the presence of 
c?^ -methylstyrene (17.7 g, 0.15 mol) resulted in the formation 
of a polymeric material along with bibenzyl. On conparison 
with the aoove reaction by TLC showed the formation of bibenzyl 
in diminished yield. 
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CHAPTER VI 


SUMMARY AND CONCLUSIONS 


In this thesis# reactions of six different categories 
have been examined in some detail and new mechanistic inter- 
pretations offered in each case. Various categories of 
reactions are; 

(i) reduction of benzylic halides with lithium aluminium 
nydride in THF medium at ice-bath tertperature under nitrogen 
atmosphere# 

(ii) reductive cyclization of Z-2-cnlorostilbene to 
phenanthrene with lithium aluminium hydride in 'THF medium at 
room temperature under nitrogen atmosphere, 

(ill) lithium aluminium hydride induced isomerization 
of Z-s til bene to E-stilbene in THF medium at room temperature 
under nitrogen atmosphere, 

(iv) sodium dithionite reduction of benzylic halides in 
dimethyl formamide medium at reflux terrperature under nitrogen 
atmosphere# 
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(v) reduction and dimethyl aminati on of bensylic halides 

in presence of cobaltous chloride or ferrous oxalate in dimethyl- 
formanu-de medium at reflux temperature under nitrogen atmos- 
phere, and 

(vi) catalysis by cobalt (ll) and cobalt (III) species in 
the reactions of Grignard reagents with organic halides in THP 
medium at reflux temperature under nitrogen atmosphere. 

In the reduction of 9- chloromethyl anthracene, benzhydryl 
chloride and 9-bromofluorene with lithium aluminium hydride, 
each benzylic halide, Ar-Ch(p)-X, completely reacted with an 
eg;uimolar amount of the reducing agent giving ArCri^R and 
ArCH (R) -CH(R) Ar along with gaseous hydrogen. Use of one-half 
or one- fourth molar quantity of the reducing agent gave these 
same products in different proportions. Aluminium hydride, 
under the same conditions, does not reduce any of the halides. 

In the reactions of oenzhydryl chloride and 9-bromofluorene with 
equimolar quantities of lithium aluminium hydride, distinct 
ESR signals were observed. These signals were not present in 
the pure reactants. A new mechanism has been established for 
these reactions in which AlH^~ serves as electron donor towards 
the halides. The benzylic halides are thus transformed into 
the corresponding radical- anions which decompose to give 
benzylic radicals. also serves as a source of hydrogen 

atom towards these radicals converting itself into the alane 
radical-anion AlH^" which, in turn, transfers its extra electron 
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to a fresh molecule of the halide in competition with AlH^”. 
Mixed hydrides -AlH^x”, AlHpX 2 '* and ^.IHX^” wnen produced in 
the medium serve the same two purposes as inferior alternatives 
to AlH^ with the efficiency decreasing in the order; 

AlH^" , A1H2X2“ ) AIHX 3 " . 

In the first example of a quantitative, uncatalysed 
lithium aluminium hydride reduction of an aryl chloride viz. 

2 - 2 ~chlorostilbene, AlH^** is agean found to act as an electron 
donor producing radical-anion of the aryl halide. Extended 
conjugation in the aryl halide provides ABMO of low enough 
energy to facilitate electron acceptance. The aryl halide 
radical-anion ej^pels chloride anion producing an aryl radical 
with two phenyl rings situated on the same side of the central 
double bond. Intramolecular free radical aromatic substitution 
aided by a favorable distance of the order of 1.5 S between the 
two positions to be linked ultimately produces phenanthrene in 
high yield. 

Isomerization of Z— stilbene to E— stilbene was found to 
occur quantitatively in presence of a large excess (ten— fold 
excess) of lithium aluminium hydride. It is found that AlH^ 
initially transfers an electron to the Z— stilbene producing the 
hydrocarbon radical- anion which is formed in large amounts in 
presence of an excess of the reducing agent. The radical-anion 
subsequently disproportionates giving the hydrocarbon and its 
dianion. It is at the dianion stage that the bond order of the 
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central carbon-carbon bond rs sufficiently reduced permitting 
rotation about the central bond. The dianion corresponding to 
E-stilbene formed in this way, looses two electrons to the 
surroundings giving E-stilbene. 

In the sodium dith ionite reduction of 4-nitrobenzyl 
bromide/ 9-bromof luorene, benzhydryl chloride and 9-chloro- 
methylanthracene each halide, ArCH{R)-X gave a dimeric product/ 
Ar-CH ( r) -CH (R) -A r in addition to sulfur dioxide gas. 4-Nitro- 
benzyl bromide, 9-bromof luorene and 9-chloromethyl anthracene 
also gave dehalogenation products, Ar-CH^-R; but in the case 
of benzhydryl chloride, fluorene instead of diphenylmethane was 
obtained. Olefinic dimers, Ar-C (R) =C ( r) ~A r were also obtained 
with the former two halides and perhaps with 9-chloromethyl- 
anthracene. The sialfone, 4-02N-CgH^-CH2-S02-CH2“CgH^-N02~4 
was isolated among the products of the reaction of 4-nitro- 
benzyl bromide. As the dithionite arion exists largely in the 
form of sulfur dioxide radical-anion at the reflux temperature 
of DMF, a mechanism initiated by transfer of an electron from 
the sulfur dioxide radical-anion (SO 2 ) to the benzylic halide 
has been proposed. Benzylic radicals produced by the dissocia- 
tion of benzylic halide radical- anions intervene effectively 
in the formation of the dimeric products, Ar-CH (r) -CH (R)-Ar and 
other processes. It is found that the sulfone is formed via 
coupling between the 4-nitrobenzyl radical and the sulfinate 
anion produced in the medium. Carbanions are found to intervene 
in the formation of the dehalogenation products, Ar-CH^-R as 



well as the olefinic dxmers, Ar-C (R) =C (R) -Ar. Benzhydryl 
radical undergoes intramolecular cyclization giving fluorene. 

In the studies on the reduction and dimethyl aininati on of 
five benzylic halides viz. benzyl chloride/ 4-nitrobenzyl 
bromide, 9-bromofluorene, benzhydryl chloride and trityl 
chloride in the presence of cobaltous chloride or ferrous 
Oxalate in DMP at reflux temperature, Co(ll) is found to influ- 
ence the course of all the reactions by acting as electron donor 
to the halides via outer sphere electron transfer process. Fe(ll) 
also behaves similarly with 4-nitrobenzyl bromide; but prefe- 
rentially forms an organoiron complex with other halides (excep- 
ting trityl chloride) via oxidative addition involving a l-center, 
concerted, frontside nucleophilic displacement mechanism. The 
unstable organoiron complex undergoes a facile, concerted 
orbital symmetry allowed reaction giving dimeric products. 
Radicals do not intervene in the latter reactions. Product 
analysis , blank experiments in the absence of metal ions, and 
other control experiments indicate that under the conditions 
employed , DMF brings about nucleophilic displacement of halogen 
by Sj-2 type attack on 4-nitrobenzyl bromide and Sj^l type attack 
on all other halides, through its oxygen atom. Dimethyl ami na- 
tion takes place when DMF is oxidized by electron transfer 
process into the DMF radical- cation which couples through its 
nitrogen atom with benzylic radicals producing an intermediate 
leading to the benzylic dimethyl amines. The mechanistic conclu- 
sions made here are tentative. 
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Studies reported in this thesis have thus led to mecha- 
nistic delineation of some new electron transfer pathways invol- 
ving lithium aluminium hydride, sodium dithionite, cobalt ( II ) 
and iron(ll) species as electron donors. Logical mechanistic 
interpretations have also been offered tov/ards rationalizing 
the roles of iron (II) species in the non-radical, reductive 
dimerization of alky] halides; dimethylformamide in nucleophilic 
displacements and dimethyl aminations; and cobalt(ll) and 
cobalt (III) species in the reactions of Grignard reagents v:ith 
organic halides which though speculative to some extent, should 
stimulate further interest towards a deeper and clearer under- 
sfanding of related mechanisms in general and catalytic action 
by metal ions and complexes in particular. 
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the formation of diphenylmethane/v^30% (0.050 g) , brornobenzene 
54% (0.848 g) , biphenyl /V 25% (0,192%) and bibenzyl 0.665g. 
Therefore, the effective yield of bibenzyl is 0,665-0,227 = 

0,438 g (^^48%), 

Reaction of Benzyl magnesium chloride with 9-Bromofluorene in 
the the presence of Co Cl 2 

In a 3-necked 250 ml flask, mounted over a magnetic 

stirring base, were placed 9-bromof luorene (2.45 g, 0.01 mol), 

Co‘"^Cl 2 (0.130 g, 0.001 mol) and dry THF (50 ml). To this was 

added a solution of benzyl magnesium chloride prepared frombenzyl 

chloride (0,023 mol) in 100 ml THF under nitrogen atmosphere. The 

reaction mixture was refluxed for 3 hr and worked up in the 

usual manner. Separation of products on a silica-gel column 

using petroleum ether (b.p. 60—80°) and petroleum ether (b.p, 60- 

80*) -benzene (50:50, v/v) as eluants yielded bibenzyl 2,33 g, 

9-benzyl f luorene (O.I 8 O g,/v'7%) and 9, 0'-bifluoronyl (1.05 g, 

II 

/-v^64%). The effective yield of bibenzyl in the Co catalyzed 
reaction, therefore, was 2. 33-0. 51 = 1.72, ,^86% . 

Reaction of Benzyl magnesium chloride with Benzhydryl chloride 
in the presence of Co^^Cl 2 

The above reaction was repeated using benzhydryl chloride 
(2.02 g, 0.01 mol) as the halide instead of 9-bromof luorene 
under otherwise identical conditions. Separation of products 
on a silica-gel column as usual yielded bibenzyl, 2.14 g (the 
effective yield of bibenzyl formed in the reaction is, therefore. 



